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Object of the Investigation.
Potatoes to be used for seed purposes must 
reach a certain standard of freedom from various 
diseases, notably the virus diseases, severe mosaic 
and leaf-roll. Normally, stocks to be used for seed 
purposes are inspected during the growing season, 
with a view to grading them into stock seed 
categories or otherwise. This is usually a fairly 
laborious process and, at times, may not be really 
accurate. Apart from this, other stocks not 
previously graded as stock seed may be required for 
seed purposes and, once the tops of the plants have 
died down, there is no method whereby the presence of 
virus infection can be proved or disproved, except by 
grafting, a process which takes a few months to 
complete.
The object of the present investigation was 
to explore the connection between the biochemical 
activity of tubers and the incidence of virus 
infection. Since a principal line of attack had 
been suggested by earlier studies on the reducing 
value of the ascorbic acid in tubers, attention was 
directed to a more complete study of the concentration 
and distribution of ascorbic acid occurring under 
different conditions.
The correlation of biochemical activity with 
the incidence of virus infection would be an 
important step in the control of disease. The 
importance of such a relationship is at once obvious 
from a consideration of the following points. Crops 
could be graded scientifically and the personal error 
of the inspector could be eliminated. The stocks 
could be graded at any period of the nine months when 
the tubers are out of the ground instead of the very 
short interval of time when the plants are actively 
growing in the field. The method could also be used, 
in addition to the method used at present, if crops, 
which had not been inspected, were required under 
exceptional circumstances for seed purposes.
Previous Work.
Chemical Characteristics of the Potato Tuber.
Many investigations have been carried out 
dealing with chemical differences in potatoes. 
Intervarietal differences of a chemical nature have 
been the chief field of research, and a Committee of 
the Royal Society (1919), during the last war, 
undertook an extensive study of the chemical 
composition of potato tubers. The chief conclusion 
to be drawn from their work was that, the composition 
of the tubers was influenced by the locality in which 
the plants were grown. The variations were due to 
latitude rather than to longitude, especially as 
regards nitrogen content, and no intervarietal
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differences are reported. Willaman and West (1925), 
working in America with American varieties, also found 
no intervarietal differences. In their work, they 
found that environment had a greater effect on the 
composition than varietal differences. Differences 
in composition between early and late varieties were, 
however, noted. Early maturing varieties had a 
lower percentage of dry matter but a higher percentage 
of ether extract, mineral matter, and nitrogen than 
later maturing varieties.
Coudon and Boussard (1897) investigated the 
dry-matter and nitrogen distribution in tubers. They 
divided the tuber into zones following the main 
physical divisions which can be seen with the naked 
eye. The zones were (1) Skin. (2) Cortical zone.
(3) External medullary zone. (4) Internal medullary 
zone. They found the percentage of dry-matter to be 
a maximum in the cortical layer, but the percentage of 
nitrogen was greatest in the skin and lower in the 
cortical than in the medullary layer. Later, their 
results were confirmed by Glynne and Jackson (1920), 
who observed a greater percentage of dry-matter in the 
cortex than in the medulla. For the nitrogen content, 
they found the reverse.
Intervarietal differences in starch content 
were noted by Johnson and Boyle (1918), who also found 
that in any one variety, the cortex had a greater 
percentage of starch than the medulla, but that
3 .
locality and environment also influenced the value 
to a fairly large extent. The investigations of 
Sperling (1926) and of Dix (1923) also showed the 
existence of varietal differences in starch content.
It would, therefore, appear, that the 
fluctuations in total nitrogen, dry-matter and 
starch contents due to environment, render their 
determination unsatisfactory for the differentiation 
of varieties.
Various investigators, notably Artschwager 
(1924), and Bomer and Mattis (1924), tried to find 
variations in the solanine content of tubers, but 
the general conclusion seems to be that, although 
differences do exist, they vary with the age and size 
of the tuber and with exposure to light.
Many other classes of chemical compounds 
exist in the potato tuber which may be detected and 
estimated by chemical means. In particular, the 
presence of a number of different classes of enzymes 
has been noted. (Waksman and Davison (1926)). Of
these diastase, invertase, and pectase of the 
carbohydrases, and tyrosinase, oxidase and peroxidase 
of the oxidising enzymes are the most important. A 
variation in diastatic power of potato juice according 
to the variety of potato was observed by Joszt and 
Starezewski (1922). Such a method necessarily 
involved preliminary extraction and preparation of 
the plant sap and is, therefore, unsuitable as a means 
of rapid estimation.
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The oxidising enzymes have been detected 
and estimated by means of colour reactions. This 
work has been reviewed at some length by Raper (1928). 
He deals particularly with peroxidase, tyrosinase, 
polyphenolase and indophenol oxidase. Colour 
reactions have also been suggested by Haas and Hill 
(1928), for the detection of pectic substances in 
plant tissues, and also for the detection of amino 
acids and phenols (Thorpe (1927)), by the formation 
of coloured dyes. Probably the most important of 
these coloured reactions, from a practical standpoint 
at least, is that reported by Lauder and Robertson 
(1931). This is an enzyme reaction using the 
enzyme tyrosinase which has tyrosine for its substrate 
in the potato. Using p-cresol, which is similar in 
constitution to tyrosine, as substrate, the above 
investigators developed a method by which the 
separation of different varieties was made possible. 
This was done by measuring the red colour produced 
by the reaction after a given time in a tintometer.
By this means a numerical colour value was given to 
each variety. These investigators found that soil 
type, environment, and season were without influence 
on the reaction. On the other hand, diseased or 
damaged tubers and tubers which had been greened by 
exposure to light gave results which were not in 
agreement with those obtained from healthy stock.
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Enzyme a c t i v i t y  a l s o  p r o v i d e d  a  f i e l d  o f  
r e s e a r c h  f o r  t h o s e  w o r k e r s  i n t e r e s t e d  i n  t h e  
s e p a r a t i o n  o f  d i s e a s e d  and  h e a l t h y  t u b e r s .  The 
o x i d a s e  and  p h e n o l a s e  a c t i v i t y  o f  h e a l t h y  and 
d i s e a s e d  t u b e r s  was s t u d i e d  by  P f a n k u c h  and L i n d a u  
( 1 9 3 5 ) ,  b u t  t h e y  f o u n d  l i t t l e  d i f f e r e n c e .  On t h e  
o t h e r  h a n d ,  E h r k e  ( 1 9 3 5 )  fo u n d  d i f f e r e n c e s  i n  t h e  
o x i d a s e  and  p e r o x i d a s e  a c t i v i t y  o f  h e a l t h y  and  
" I r o n - S t a i n "  t u b e r s .  He a l s o  f o u n d  d i f f e r e n c e s  i n  
t h e  g l u t a t h i o n e  an d  a s c o r b i c  a c i d  c o n t e n t s .  He 
f o u n d  t h a t  i n  d i s e a s e d  t u b e r s  t h e  g l u t a t h i o n e  c o n t e n t  
was  g r e a t e r  t h a n  i n  h e a l t h y  t u b e r s ,  also t h a t  t h e  
a s c o r b i c  a c i d  c o n t e n t  o f  d i s e a s e d  p a r t s  was g r e a t e r  
t h a n  t h a t  o f  h e a l t h y  t u b e r s .
Hey ( 1 9 3 2 )  h a d  p r e v i o u s l y  c l a i m e d  t h a t ,  by  a n  
e x a m i n a t i o n  o f  t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l s  o f  
t u b e r s ,  h e a l t h y  and  d i s e a s e d  t u b e r s  c o u l d  be 
d i s t i n g u i s h e d .  The o x i d a t i o n  p o t e n t i a l s  w e re  i n  t h e  
r e g i o n  o f  - 1 2 0  m . v .  and - 2 5 0  m .v .  r e s p e c t i v e l y ,  f o r  
h e a l t h y  and d i s e a s e d  t u b e r s .
W i t h i n  t h e  l a s t  t e n  y e a r s  v i t a m i n - C  h a s  b e e n  
t h e  s u b j e c t  o f  much i n t e n s i v e  s t u d y ,  and i t  i s  n o t  
u n n a t u r a l  t h a t  p o t a t o e s  s h o u l d  h a v e  come u n d e r  
i n v e s t i g a t i o n .  M ost  i n v e s t i g a t o r s  w e re  m e r e l y  
i n t e r e s t e d  i n  p o t a t o e s  a s  a  s o u r c e  o f  v i t a m i n - C ,  
and  p a i d  l i t t l e  a t t e n t i o n  to  e i t h e r  i n t e r v a r i e t a l  
d i f f e r e n c e s  o r  d i f f e r e n c e s  due  t o  d i s e a s e  and o t h e r  
f a c t o r s .  B i r c h ,  H a r r i s  and  Ray ( 1 9 3 3 ) ,  Ahmad ( 1 9 3 5 ) ,
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S e p a r a t i o n  o f  H e a l t h y  and  D i s e a s e d  T u b e r s .
McHenry and  Graham ( 1 9 3 5 )  and P e t t  ( 1 9 3 6 )  h a v e  b e e n  
among t h e  m o s t  a c t i v e  w o r k e r s  i n  t h i s  f i e l d .  Up t o  
t h e  p r e s e n t ,  l i t t l e  h a s  b e e n  p u b l i s h e d  d e a l i n g  w i t h  
i n t e r v a r i e t a l  d i f f e r e n c e s  i n  a s c o r b i c  a c i d ,  b u t  H a u s e n
( 1 9 3 5 )  h a s  i n v e s t i g a t e d  t h e  e f f e c t  o f  v i t a m i n - C  o n  t h e  
g r o w t h  o f  p l a n t s ,  w h i l e  I j d o  ( 1 9 3 6 )  h a s  i n v e s t i g a t e d  
t h e  i n f l u e n c e  o f  f e r t i s i l e r s  o n  t h e  v i t a m i n - C  c o n t e n t  
o f  p l a n t s  and  W a c h h o ld e r  and N e h r i n g  ( 1 9 3 8 )  h a v e  
i n v e s t i g a t e d  t h e  e f f e c t  o f  m a n u r i n g  o n  t h e  v i t a m i n - C  
c o n t e n t  o f  p o t a t o e s  i n  p a r t i c u l a r .  S m i t h  and  
P a t e r s o n  ( 1 9 3 7 )  d e v i s e d  a  r a p i d  r o u t i n e  a r b i t r a r y  
e x t r a c t i o n  m e thod  w h e re b y  t h e y  c o u l d ,  i n  t h e  c a s e  o f  
many w e l l - k n o w n  v a r i e t i e s ,  d i s t i n g u i s h  b e t w e e n  h e a l t h y  
t u b e r s  and t h o s e  o f  t h e  same v a r i e t y  i n f e c t e d  w i t h  
v i r u s  d i s e a s e s .
The r e s u l t s  o f  t h e  l a s t  m e n t i o n e d  i n v e s t i g a t i o n  
w e re  c o n s i d e r e d  t o  be o f  s u f f i c i e n t  m e r i t  t o  w a r r a n t  
f u r t h e r  s t u d y  a n d ,  f o r  t h e  p r e s e n t  i n v e s t i g a t i o n ,  
a t t e n t i o n  was  d i r e c t e d  t o  a  m ore  c o m p l e t e  s t u d y  o f  
t h e  o c c u r r e n c e  o f  a s c o r b i c  a c i d  u n d e r  d i f f e r e n t  
c o n d i t i o n s  i n  t h e  p o t a t o .  I n  p r e v i o u s  i n v e s t i g a t i o n s  
t h e  t e r m s  " p r e s u m e d  h e a l t h y ” and " d i s e a s e d  s t o c k "  w e re  
n e c e s s a r i l y  r e l a t e d  t o  m a t e r i a l  s e c u r e d  f r o m  p l a n t s  
w h ic h  seemed i n  t h e  f i e l d  t o  be  h e a l t h y  o r  i n f e c t e d  
w i t h  v i r u s ,  and  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  s t e p s  
w e re  t a k e n  t o  h a v e  t h e s e  t e r m s  d e f i n e d  more  e x a c t l y  
by  a c t u a l  g r a f t i n g  e x p e r i m e n t s .
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The A s c o r b i c  A c i d  C o n t e n t  o f  t h e  P o t a t o  T u b e r .
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I n t r o d u c t i o n  -  C h e m i s t r y .
V i t a m i n - C  a l s o  c a l l e d  h e x u r o n i c  a c i d  o r  
c e v i t a m i c  a c i d ,  b u t  m o s t  commonly a s c o r b i c  a c i d ,  was 
t h e  f i r s t  v i t a m i n  t o  be  s y n t h e s i s e d  and  t o  h a v e  i t s  
c h e m i c a l  c o n s t i t u t i o n  c o m p l e t e l y  e s t a b l i s h e d .  I t  
was  f i r s t  o b t a i n e d  s y n t h e t i c a l l y  i n  1954  by  R e i c h s t e i n  
and G r u s s n e r  ( 1 9 3 4 )  a f t e r  i t s  c o n s t i t u t i o n  h a d  b e e n  
p r o v e d  by  H i r s t  e t  a l l i a  ( 1 9 3 3 ) .
A s c o r b i c  a c i d  i s  3 - k e t o - l - g u l o f u r a n o l a c t o n e , 
a n d  i t  e x i s t s  a s  s u c h  i n  n a t u r e ,  a s  w e l l  a s  i n  a  
r e v e r s i b l y  o x i d i s e d  fo rm  c a l l e d  d e h y d r o a s c o r b i c  a c i d .  
The p r e s e n c e  o f  b o t h  o f  t h e s e ,  g i v e s r i s e  t o  a n  
o x i d a t i o n - r e d u c t i o n  s y s t e m  w h ic h  may p l a y  a  p a r t  i n  
t h e  o x i d a t i o n - r e d u c t i o n  p o t e n t i a l s  o f  c e l l s ,  and  may 
p o s s i b l y  a c t  c a t a l y t i c a l l y  i n  c e r t a i n  o x i d a t i o n -  
r e d u c t i o n  p r o c e s s e s .  The r e v e r s i b l y  o x i d i s e d  fo r m ,  
d e h y d r o a s c o r b i c  a c i d ,  i s  o n l y  s t a b l e  i n  v e r y  a c i d  
s o l u t i o n  a t  a  pH l e s s  t h a n  5 . 0 ,  an d  i t  i s  d i f f i c u l t  
t o  u n d e r s t a n d  how t h e  v i t a m i n  r e m a i n s  u n d e s t r o y e d  i n  
t i s s u e s  w h ic h  h a v e  a n  o x i d i s i n g  l e v e l  o f  p o t e n t i a l  
h i g h e r  t h a n  t h a t  o f  a s c o r b i c  a c i d .  I t  h a s  b e e n  
s u g g e s t e d  t h a t  some s t a b i l i s i n g  s u b s t a n c e  i s  p r e s e n t .  
The d e h y d r o  o r  r e v e r s i b l y  o x i d i s e d  fo r m  p a s s e s  r e a d i l y  
t h r o u g h  two o t h e r  s t a g e s ,  t h e  t r a n s f o r m a t i o n  
o c c u r r i n g  w i t h  i n c r e a s i n g  r a p i d i t y  a s  t h e  pH becom es  
g r e a t e r  t h a n  6 . 0 .  The p r o d u c t s  o f  b o t h  c h a n g e s  
a r e  m ore  s t r o n g l y  r e d u c i n g  t h a n  a s c o r b i c  a c i d  i t s e l f .
The c h a n g e s  c o r r e s p o n d  t o  t h e  t r a n s f o r m a t i o n  f r o m  
d e h y d r o a s c o r h i e  a c i d  t o  d i k e t o g u l o n i c  a c i d ,  a l s o  
known a s  i r r e v e r s i b l y  o x i d i s e d  a s c o r b i c  a c i d ,  a t  a  
pH o f  5 . 5 ,  and  t o  t h e  f u r t h e r  d e g r a d a t i o n  t o  
d e c o m p o s i t i o n  p r o d u c t s  p r e v i o u s l y  c h a r a c t e r i s e d  a s  
1 - t h r e o n i c  a c i d  and  o x a l i c  a c i d .
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1 .  A s c o r b i c  a c i d ,  3 - k e t o - l - g u l o f u r a n o l a c t o n e
2 .  B e h y d r o a s c o r b i c  a c i d
3 .  2 ; 3 - d i k e t o - l - g u l o n i c  a c i d
4 .  O x a l i c  a c i d
5 .  1 - t h r e o n i c  a c i d
B o n so o k ,  D a v e n p o r t ,  J e f f r e y s  and  W a r n e r
( 1 9 3 7 ) ,  w e r e  a b l e  t o  c o n f i r m  t h e s e  o b s e r v a t i o n s .  
W h i le  a s c o r b i c  a c i d  i s  t o  b e  r e g a r d e d  a s  a  p h y s i o ­
l o g i c a l  t r a n s f o r m a t i o n  p r o d u c t  o f  t h e  c a r b o h y d r a t e s ,  
o t h e r  s u b s t a n c e s  h a v i n g  g r e a t  p h y s i o l o g i c a l  a c t i v i t y  
h a v e  b e e n  shown t o  be c o m p le x  compounds  c o n t a i n i n g  
c a r b o h y d r a t e  r e s i d u e s ,  e . g .  co zy m ase  and  a d e n y l i c  
a c i d ,  and a s c o r b i c  a c i d  may w e l l  be  s i m i l a r .
A s c o r b i c  a c i d  i s  w i d e l y  d i s t r i b u t e d  i n  
n a t u r e  b o t h  i n  p l a n t  and  a n i m a l  l i f e .  G i r o u d  g i v e s  
a n  e x c e l l e n t  a c c o u n t  o f  t h e  o c c u r r e n c e  o f  t h e  v i t a m i n  
i n  many v a r i e d  t i s s u e s  i n  h i s  m o n o g ra p h  ( 1 9 5 8 ) .  I n  
p l a n t  t i s s u e s  G i r o u d ,  R a t s im a m a n g a  and  L e b l o n d  ( 1 9 5 5 )  
r e p o r t  a  d i r e c t  p r o p o r t i o n a l i t y  b e t w e e n  t h e  a s c o r b i c  
a c i d  c o n t e n t  and  t h e  c a r o t e n o i d s  and  c h l o r o p h y l l s .  
H a u s e n  (1 9 3 5 )  s t a t e s  t h a t  g r o w i n g  p l a n t s  a l w a y s  h a v e  
a  h i g h  v i t a m i n - C  c o n t e n t .  A l l  t h e  a s c o r b i c  a c i d  i n  
t h e  p l a n t  may n o t  be i n  t h e  r e d u c e d  f o r m  and  McHenry 
and  Graham ( 1 9 3 5 )  f o u n d  t h a t  i n  s u c h  v e g e t a b l e s  a s  
l e t t u c e  and  s t r i n g  b e a n s ,  t h e  r e v e r s i b l y  o x i d i s e d  
fo rm  was p r e s e n t  i n  g r e a t e r  a m o u n t s  t h a n  t h e  r e d u c e d  
f o r m .  T o m a to e s ,  l e m o n  j u i c e ,  e t c . ,  o n  t h e  o t h e r  
h a n d  a r e  s a i d  t o  c o n t a i n  a l l  t h e  a s c o r b i c  a c i d  i n  t h e  
r e d u c e d  f o r m .  Some a u t h o r s  s u g g e s t  t h a t  t h e  
r e v e r s i b l y  o x i d i s e d  a s c o r b i c  a c i d  f o u n d  i s  t h e  
r e s u l t  o f  o x i d a t i o n  d u r i n g  e x t r a c t i o n ,  b u t  i t  w i l l  
be shown i n  t h e  f o l l o w i n g  p a g e s  t h a t ,  a t  l e a s t  i n  t h e  
p o t a t o ,  a  p r o p o r t i o n  o f  t h e  v i t a m i n - C  i s  o r i g i n a l l y  
i n  t h e  o x i d i s e d  f o r m .  S e v e r a l  a u t h o r s ,  n o t a b l y  
H i r s t  and  Z i l v a  ( 1 9 5 3 )  a n d  Box and  L e v y  ( 1 9 3 6 ) ,  h a v e  
shown t h a t  r e v e r s i b l y  o x i d i s e d  a s c o r b i c  a c i d  h a s  some 
a n t i s c o r b u t i c  a c t i v i t y .
The v a r i a t i o n  o f  v i t a m i n  c o n t e n t  w i t h  
m a t u r i t y  h a s  b e e n  i n v e s t i g a t e d  by Y i r t a n e n  ( 1 9 3 6 ) ,  
and  h e  f i n d s  t h a t  v i t a m i n  c o n c e n t r a t i o n s  r e a c h  a
10 .
D i s t r i b u t i o n  and  O c c u r r e n c e .
maximum a t  a n  e a r l y  s t a g e  i n  g r o w t h .  He a l s o  s t a t e s  
t h a t  a l l  f a c t o r s  w h ic h  h a v e  a n  u n f a v o u r a b l e  e f f e c t  on  
t h e  g r o w t h  o f  p l a n t s ,  s u c h  a s  s o i l  a c i d i t y ,  e x c e s s i v e  
c o n c e n t r a t i o n s  o f  p h o s p h a t e ,  p o t a s s i u m ,  e t c . ,  l o w e r  
t h e  c a r o t e n e  an d  a s c o r b i c  a c i d  c o n t e n t .  McHenry  and  
Graham ( 1 9 3 5 ) ,  a l s o  o b s e r v e d  t h a t  o n  b o i l i n g  c e r t a i n  
f o o d s t u f f s  i n  w a t e r ,  t h e y  o b t a i n e d  a n  i n c r e a s e  i n  t h e  
a s c o r b i c  a c i d  c o n t e n t .  They  a c c o u n t e d  f o r  t h i s  by  
a s s u m i n g  t h a t  t h e  a s c o r b i c  a c i d  was c o m b in e d  i n  some 
way w i t h  t h e  p r o t e i n ,  and  t h a t  t h e  c o m p le x  was 
h y d r o l y s e d  by t h e  b o i l i n g  w a t e r .  T h i s  v i e w  was a l s o  
h e l d  b y  B e z s s o n o f f  ( .1 9 3 6 ) ,  who s u g g e s t s  t h a t ,  i n  some 
c a s e s ,  t h e  v i t a m i n  o c c u r s  i n  a  m e t h y l a t e d  f o r m  w h ic h  
i s  i n a c t i v e .  I n  t h e  c a b b a g e  h e  c l a i m s  t h a t  a s  much a s  
30$ o f  t h e  v i t a m i n  i s  e s t e r i f i e d .  Levy  ( 1 9 3 6 )  a l s o  
fo u n d  s i m i l a r  r e s u l t s  w i t h  t h e  p o t a t o  and  t h e  
c a u l i f l o w e r .
D e t e r m i n a t i o n  o f  Y i t a m i n - G .
M a n s f i e l d  C l a r k e  a n d  h i s  c o l l a b o r a t o r s  w e re  p r o b a b l y  
t h e  f i r s t  t o  r e c o r d  t h e  r e d u c t i o n  o f  a n  i n d o p h e n o l  
d y e  by  b i o l o g i c a l  m a t e r i a l .  They showed t h a t  t h e  
d i - b r o m o  s u b s t i t u e n t ,  2 , 6 - d i b r o m o p h e n o l i n d o p h e n o l ,  was 
r e d u c e d  b y  many b i o l o g i c a l  f l u i d s  and  l i v i n g  t i s s u e s .  
Z i l v a  ( 1 9 2 7 )  c a r r i e d  o u t  much work  i n  i s o l a t i n g  t h e  
a n t i s c o r b u t i c  f r a c t i o n  o f  l em on  j u i c e ,  and  i n  t r y i n g  
t o  e l u c i d a t e  t h e  p o s s i b l e  c o n s t i t u t i o n  o f  t h e  
a n t i s c o r b u t i c  f a c t o r .
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E v e n t u a l l y ,  he  u s e d  p h e n o l i n d o p h e n o l  i t s e l f  i n  h i s  
i n v e s t i g a t i o n s  on  v i t a m i n - C .  He a t t r i b u t e d  t h e  
r e d u c t i o n  w h i c h ,  h e  f o u n d ,  was  g i v e n  by many 
c o n c e n t r a t e s  o f  v i t a m i n - C ,  n o t  t o  v i t a m i n - C  i t s e l f  
b u t  t o  a n  a s s o c i a t e d  r e d u c i n g  and  p r o t e c t i v e  
s u b s t a n c e .  T i l l m a n s ,  H i r s c h  an d  c o - w o r k e r s  ( 1 9 5 2 )  
i n t r o d u c e d  t h e  u s e  o f  2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l  
f o r  t h e  d e t e r m i n a t i o n  o f  t h e  a n t i s c o r b u t i c  f a c t o r .
I n  c o n t r a s t  t o  Z i l v a  t h e y  c l a i m e d  t h a t  t h e  
a n t i s c o r b u t i c  f a c t o r  i t s e l f  was  r e s p o n s i b l e  f o r  t h e  
r e d u c t i o n  o f  t h e  i n d i c a t o r .  The e x t r a c t i o n  p r o c e s s  
o f  T i l l m a n s  and h i s  c o l l e a g u e s  was somewhat  c o m p le x  
an d  was a  q u a l i t a t i v e  g u i d e  r a t h e r  t h a n  a  
q u a n t i t a t i v e  m e th o d  o f  a n a l y s i s  f o r  t h e  d e t e r m i n a t i o n  
o f  t h e  am oun t  o f  a s c o r b i c  a c i d  p r e s e n t  i n  t i s s u e .  
T h e i r  m e th o d ,  h o w e v e r ,  p r o v i d e s  t h e  b a s i s  f o r  t h e  
m o s t  w i d e l y  u s e d  m e th o d  f o r  t h e  d e t e r m i n a t i o n  o f  
v i t a m i n  C, i . e .  t i t r a t i o n  a g a i n s t  t h e  r e d o x  d y e
2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l .  M ost  o f  t h e  
im p r o v e m e n t s  i n  t h e  m e th o d  h a v e  b e e n  t o  m o d i f y  t h e  
c o n d i t i o n s  o f  t h e  r e a c t i o n  i n  o r d e r  t o  make i t  m ore  
s p e c i f i c  f o r  v i t a m i n  G, and  t h u s  c o n v e r t  i t  i n t o  a  
m ore  p r e c i s e  a n a l y t i c a l  m e t h o d .
S e v e r a l  o t h e r  m e t h o d s  h a v e  s i n c e  b e e n  
s u g g e s t e d  f o r  t h e  d e t e r m i n a t i o n  o f  a s c o r b i c  a c i d .
The m o s t  p o p u l a r  o f  t h e s e  a r e  b a s e d  o n  c o l o r i m e t r i c  
m e t h o d s  w i t h ,  o r  w i t h o u t ,  a  p h o t o - c e l l .
Medes ( 1 9 3 5 ,  1 9 3 6 )  h a s  w o rk e d  o u t  t h e  
c o l o r i m e t r i c  d e t e r m i n a t i o n  o f  a s c o r b i c  a c i d  u s i n g
1 2 .
p h o s p h o - 1 8 - t u n g s t i c  a c i d .  A m e th o d  b a s e d  o n  t h e  
o b s e r v a t i o n  t h a t  t h e  r e d u c e d  f o r m  g i v e s  f u r f u r a l  o n  
b o i l i n g  w i t h  h y d r o c h l o r i c  a c i d  h a s  b e e n  d e v i s e d  by 
Roe ( 1 9 3 6 ) ,  t h e  f u r f u r a l  b e i n g  d e t e r m i n e d  
c o l o r i m e t r i c a l l y  w i t h  a n i l i n e  a c e t a t e .  The 
r e d u c t i o n  o f  a n  azo  d y e  by  a s c o r b i c  a c i d  h a s  b e e n  
u s e d  b y  S c u d i  a n d  R a t i s h  ( 1 9 3 8 )  a s  a  m ean s  o f  
d e t e r m i n i n g  v i t a m i n  C, t h e  r e a d i n g s  b e i n g  made 
c o l o r i m e t r i c a l l y .  G u th e  a n d  N y g a a r d  ( 1 9 5 8 )  h a v e  
d e s c r i b e d  a n  a p p a r a t u s  e m p l o y i n g  t h e  p h o t o - c e l l  t o  
d e t e r m i n e  t h e  e n d - p o i n t  o f  t h e  t i t r a t i o n  u s i n g  
m e t h y l e n e  b l u e  a s  i n d i c a t o r .
S p e c t r o m e t r i c  m e t h o d s  h a v e  a l s o  b e e n  t r i e d  
b u t  t h e  a p p a r a t u s  r e q u i r e d  i s  n o t  o f  a  s i m p l e  n a t u r e ,  
a n d  so t h i s  m e th o d  h a s  n o t  f o u n d  much f a v o u r .  Many 
r e l a t e d  s u b s t a n c e s  a l s o  i n t e r f e r e .  The pH o f  t h e  
s o l u t i o n s  u s e d  a l s o  h a s  a  r a t h e r  c r i t i c a l  b e a r i n g  on  
t h e  a b s o r p t i o n  s p e c t r a .  C h e v a l l i e r  an d  C h o ro n
( 1 9 3 7 )  h a v e  p e r f e c t e d  a  m i c r o s p e c t r o m e t r i c  m e th o d  
u s i n g  t h e  a b s o r p t i o n  s p e c t r a  i n  t h e  u l t r a - v i o l e t  
f r o m  2400 t o  3000 A n g s t r o m  u n i t s .
R e c e n t l y ,  m e t h o d s  c l a i m e d  t o  be  m ore  
s p e c i f i c  t h a n  a n y  y e t  i n t r o d u c e d ,  h a v e  b e e n  p u t  
f o r w a r d .  They  u t i l i s e  t h e  a s c o r b i c  a c i d  o x i d a s e  
p r e s e n t  i n  m os t  p l a n t s  f o r  t h e  o x i d a t i o n  o f  t h e  
a s c o r b i c  a c i d .  T a u b e r ,  K l e i n e r  and  M i s h k i n d  ( 1 9 5 5 )  
h a v e  d e v i s e d  s u c h  a  m e t h o d ,  b u t  N e u w e i l e r  ( 1 9 3 6 )  and  
Snow an d  Z i l v a  ( 1 9 3 8 )  c l a i m  t h a t  i t  i s  n o t  e n t i r e l y  
s p e c i f i c .
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F o r  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  
i n d o p h e n o l  m e th o d  was a d o p t e d ,  a s  i t  a p p e a r e d  m ore  
s u i t e d  t o  r a p i d  r o u t i n e  d e t e r m i n a t i o n s  t h a n  t h e  o t h e r  
m e t h o d s  m e n t i o n e d  a b o v e .
The I n d o p h e n o l  M e th o d .
The m a in  i m p r o v e m e n t s  o n  T i l l m a n s '  m e th o d  
h a v e  b e e n  d e v i s e d  w i t h  a  v ie w  t o  m a k in g  t h e  r e a c t i o n  
m ore  s p e c i f i c ,  and  t o  g e t  r i d  o f  i n t e r f e r i n g  
s u b s t a n c e s .  U n d e r  t h e  c o n d i t i o n s  u s e d  b y  T i l l m a n s  
t h e  m e thod  was n o t  s p e c i f i c ,  s i n c e  p y r o g a l l o l ,  
g l u t a t h i o n e ,  c y s t e i n e ,  c a t e c h o l  a n d  t a n n i c  a c i d  a l s o  
r e d u c e d  t h e  i n d i c a t o r .  By t i t r a t i o n  a t  pH 2 * 5 - 3 . 0  
i t  i s  p o s s i b l e  t o  a v o i d  t h e  r e a c t i o n  o f  g l u t a t h i o n e  
and  c y s t e i n e .  T h i s  i s ,  i n  e f f e c t ,  t h e  m o d i f i c a t i o n  
i n t r o d u c e d  by  H a r r i s  a n d  R ay  ( 1 9 3 3 ) .  Smmerie  a n d  
v a n  S e k e l e n  ( 1 9 3 6 )  p r o p o s e d  t h e  p r e c i p i t a t i o n  o f  
c y s t e i n e  and  g l u t a t h i o n e  w i t h  m e r c u r i c  a c e t a t e ,  b u t  
t h i s  h a s  t h e  d i s a d v a n t a g e  t h a t  a d s o r p t i o n  o f  t h e  
v i t a m i n  may o c c u r .  ( M e r c u r i c  a c e t a t e  h a s  t h e  
a d v a n t a g e ,  h o w e v e r ,  t h a t  t h i o s u l p h a t e ,  w h i c h  may 
i n t e r f e r e  i s  a l s o  r e m o v e d ) .  U s i n g  a  5$  t r i c h l o r a c e t i c  
a c i d  s o l u t i o n  a s  t h e i r  e x t r a c t i n g  medium, B i r c h ,
H a r r i s  and  Ray ( 1 9 3 5 )  c o n c l u d e d  t h a t  c y s t e i n e  was t h e  
o n l y  n a t u r a l l y  o c c u r r i n g  r e d u c i n g  a g e n t  w h ic h  w ould  
r e d u c e  t h e  i n d i c a t o r  u n d e r  t h e i r  c o n d i t i o n s .
M i l l i k a n  ( 1 9 3 5 )  h a s  s i n c e  shown t h a t  i n  2 . 5 $  
t r i c h l o r a c e t i c  a c i d  s o l u t i o n ,  t h e  r a t e  o f  r e d u c t i o n  
o f  t h e  i n d i c a t o r  by c y s t e i n e  i s  350 t i m e s  s l o w e r  t h a n  
t h a t  by  a s c o r b i c  a c i d .  T h u s ,  u n d e r  t h e  c o n d i t i o n s
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p r o p o s e d  b y  H a r r i s  and  Ray  ( 1 9 5 5 )  t h e  T i l l m a n s  m e thod  
i s ,  t o  a l l  i n t e n t s  and  p u r p o s e s ,  s p e c i f i c  f o r  
a s c o r b i c  a c i d .  p f a n k u c h  ( 1 9 5 5 )  h a s  f u r t h e r  
m o d i f i e d  t h e  m e th o d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
a s c o r b i c  a c i d  i n  p r e s e n c e  o f  much g l u t a t h i o n e .  I t  
h a s  b e e n  s u g g e s t e d  b y  C h e f t e l  and  P i g e a u d  ( 1 9 5 6 )  t h a t  
by  t i t r a t i n g  a t  0 °  C. t h e  o x i d a t i o n  o f  t h e  v i t a m i n  i s  
s l o w e d  s u f f i c i e n t l y  t o  g i v e  more  c o n s t a n t  e n d - p o i n t s  
and  e x c e s s i v e  h a s t e  b ecom es  u n n e c e s s a r y .  B e c a u s e  
o f  t h e  e a s e  w i t h  w h ic h  a s c o r b i c  a c i d  may u n d e r g o  
r e v e r s i b l e  o x i d a t i o n ,  v a n  E e k e l e n  a n d  Bmmerie  ( 1 9 5 6 )  
c o n s i d e r  t h e  p r e l i m i n a r y  r e d u c t i o n  w i t h  h y d r o g e n  
s u l p h i d e  a  n e c e s s a r y  s t e p  i n  t h e  p r o c e d u r e ,  b u t  
H a r r i s  t h i n k s  t h a t  t h i s  i s  u n n e c e s s a r y  i f  t h e  
e x t r a c t i o n  i s  c a r r i e d  o u t  w i t h  r e a s o n a b l e  s p e e d .  I n  
o r d e r  t o  i n h i b i t  t h e  a c t i v i t y  o f  t h e  a s c o r b i c  a c i d  
o x i d a s e ,  M u s u l i n  and  K in g  ( 1 9 5 6 )  s u g g e s t  t h e  u s e  o f  
m e t a p h o s p h o r i c  a c i d  a l o n g  w i t h  t r i c h l o r a c e t i c  a c i d  i n  
t h e  e x t r a c t i o n  p r o c e s s .
S e v e r a l  i n v e s t i g a t o r s  h a v e  a d a p t e d  t h e  
i n d o p h e n o l  i n d i c a t o r  t o  c o l o r i m e t r i c  m e t h o d s .  Among 
t h e s e  a r e  E v e l y n ,  M a l l o y  a n d  R o s e n  ( 1 9 5 8 ) ,  and  B e s s e y  
( 1 9 5 8 ) ,  who m o d i f i e d  E v e l y n ’ s  m e t h o d .
Y/hen u s i n g  t h e  2 ,  6 - d i c h l o r o p h e n o l i n d o p h e n o l  
d y e  f o r  t h e  d e t e r m i n a t i o n  o f  a s c o r b i c  a c i d ,  s e v e r a l  
p r e c a u t i o n s  m u s t  be  o b s e r v e d .  The dye  s h o u l d  be 
f r e e  f r o m  i m p u r i t i e s ,  c a r e f u l l y  s t a n d a r d i s e d  and  u s e d  
o n l y  i n  f r e s h  s o l u t i o n ,  o t h e r w i s e  t h e  e n d - p o i n t  i s  
r a t h e r  i n d i s t i n c t .  The e x t r a c t i o n  o f  t h e  a s c o r b i c
1 5 .
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a c i d  f r o m  t h e  t i s s u e s  s h o u l d  he  d o n e  i n  a n  a c i d  
medium a n d  c a r r i e d  o u t  a s  r a p i d l y  a s  p o s s i b l e  i n  
o r d e r  t o  r e d u c e  o x i d a t i o n  t o  a  minimum , h u t  
t i t r a t i o n  a t  0 °  C. i s  u n n e c e s s a r y .
Dye S o l u t i o n .  The i n d i c a t o r  u s e d  w as  0 . 0 0 0 5  M. made  
u p  f r o m  t h e  s o l i d  r e a g e n t  s u p p l i e d  h y  M e s s r s .  B .D .H .  
L t d .  T h i s  h a s  t h e  f o r m u l a
and  t h e  s o d i u m  s a l t  u s e d  h a s  a  m o l e c u l a r  w e i g h t  o f  
2 8 9 . 9 8 ;  t h u s  a  0 . 0 0 0 5  M. s o l u t i o n  i s  0 . 0 1 4 5 $ .
A n o t h e r  i n d i c a t o r  h a v i n g  t h e  same name h u t  
t h e  f o l l o w i n g  f o r m u l a
i s  s u p p l i e d  hy  H o f f m a n n  La  R o c h e ,  L t d .  an d  c a r e  
m u s t  he  o b s e r v e d  when m a k i n g  up  t h e  s o l u t i o n  t o  know 
w h i c h  compound i s  b e i n g  u s e d .  T h i s  l a s t  compound 
h a s  a  m o l e c u l a r  w e i g h t  o f  340 (Ha s a l t )  a n d  t h u s  a  
0 . 0 0 0 5  M. s o l u t i o n  i s  0 . 0 1 7 $ .
C l
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S t a n d a r d i s a t i o n  o f  2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l .
The o r i g i n a l  m e th o d  u s e d  by  H a r r i s  and  Ray ( 1 9 3 3 )  i s  
a s  f o l l o w s .  A p p r o x i m a t e l y  10  mg. o f  p u r e  a s c o r b i c  
a c i d  was w e i g h e d  o u t  a c c u r a t e l y  a n d  d i s s o l v e d  i n  2$ 
t r i c h l o r a c e t i c  a c i d  an d  made up  t o  200  m l .  i n  a  
s t a n d a r d  f l a s k .  10 m l .  o f  t h i s  s o l u t i o n  w e r e  u s e d  
i n  e a c h  t i t r a t i o n  a g a i n s t  t h e  i n d o p h e n o l .  T h u s  t h e  
a s c o r b i c  a c i d  e q u i v a l e n t  f o r  1 m l .  o f  i n d o p h e n o l  c a n  
be  f o u n d .  The a s c o r b i c  a c i d  u s e d  m u s t  a l s o  be  
s t a n d a r d i s e d  f o r  i t s  t r u e  a s c o r b i c  a c i d  c o n t e n t .
T h i s  i s  e a s i l y  c a r r i e d  o u t  b y  t i t r a t i n g  t h e  a s c o r b i c  
a c i d  s o l u t i o n  a g a i n s t  a  s t a n d a r d  N / l Q Q - i o d i n e  
s o l u t i o n .  I t  s h o u l d  be  n o t e d  t h a t  o n e  m o l e c u l e  o f  
a s c o r b i c  a c i d  r e d u c e s  two a to m s  o f  i o d i n e .
A n o t h e r  m e th o d  o f  s t a n d a r d i s i n g  t h e  i n d i c a t o r  
h a s  r e c e n t l y  b e e n  i n t r o d u c e d  b y  M e n a k e r  and  G u e r r a n t  
( 1 9 3 8 ) ,  w h ic h  d e p e n d s  o n  t h e  f a c t  t h a t  t h e  i n d o p h e n o l  
w i l l  o x i d i s e  p o t a s s i u m  i o d i d e  q u a n t i t a t i v e l y  t o  i o d i n e .  
The i o d i n e  l i b e r a t e d  c a n  t h e n  be  t i t r a t e d  w i t h  a  
s t a n d a r d  N / l G O - s o d i u m  t h i o s u l p h a t e  s o l u t i o n .  The 
a u t h o r s  c l a i m  t h a t  t h i s  m e th o d  i s  m ore  a c c u r a t e  t h a n  
t h a t  j u s t  d e s c r i b e d .  The c h i e f  a d v a n t a g e s  o f  t h e  
m e thod  a r e  t h a t  t h e  s o d i u m  t h i o s u l p h a t e  s o l u t i o n  w h ic h  
i s  b e i n g  u s e d  c o n t i n u a l l y  f o r  s t a n d a r d i s a t i o n  r e m a i n s  
s t a b l e  f o r  a  l o n g  t i m e  o n c e  i t  h a s  r e a c h e d  e q u i l i b r i u m .  
The e n d - p o i n t  i s  a l s o  much s h a r p e r  t h a n  t h a t  o b t a i n e d  
by  t h e  p r e v i o u s  m e t h o d .
Y e t  a n o t h e r  m e th o d  h a s  b e e n  w o rk e d  o u t  by
L o r e n z  and  A r n o l d  ( 1 9 3 8 )  w h e r e b y  f e r r o u s  ammonium 
s u l p h a t e  i s  u s e d  a s  t h e  b a s i c  s t a n d a r d  f o r  t h e
2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l  s o l u t i o n .  A s o l u t i o n  o f  
M o h r ’ s s a l t  ( l g .  p e r  1 . )  i s  t i t r a t e d  w i t h  t h e  
i n d o p h e n o l  i n  t h e  p r e s e n c e  o f  o x a l i c  o r  m e t a p h o s p h o r i c  
a c i d .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  m e th o d  o f  
M e n a k e r  an d  G u e r r a n t  was c o m p a r e d  w i t h  t h a t  o f  H a r r i s  
and  R a y .  I t  w as  f o u n d  t h a t  t h e  f o r m e r  m e th o d  was a s  
a c c u r a t e  a s  H a r r i s ’ m e th o d  and  when f r e q u e n t  
s t a n d a r d i s a t i o n  o f  t h e  d y e  i s  r e q u i r e d ,  a s  i n  t h e  
p r e s e n t  i n v e s t i g a t i o n ,  i t  h a s  t h e  d e c i d e d  a d v a n t a g e  
o f  t a k i n g  up l e s s  t i m e  s i n c e  t h e  s t a n d a r d  s o d i u m  
t h i o s u l p h a t e  c a n  be k e p t  f o r  some t i m e .
F o r  t h e  s t a n d a r d i s a t i o n ,  25 m l .  o f  t h e
0 . 0 0 0 5  M. d y e  s o l u t i o n  w e r e  p i p e t t e d  i n t o  a  50 m l .  
c o n i c a l  f l a s k  an d  1 g .  (1 0  m l .  o f  10$  s o l u t i o n )  o f  
p o t a s s i u m  i o d i d e  a d d e d  a l o n g  w i t h  2 m l .  d i l u t e  
s u l p h u r i c  a c i d  (4N.). The f l a s k  was  t h e n  s h a k e n  t o  
f a c i l i t a t e  t h e  o x i d a t i o n  o f  t h e  p o t a s s i u m  i o d i d e .
The l i b e r a t e d  i o d i n e  was t i t r a t e d  i m m e d i a t e l y  w i t h  
s t a n d a r d  H/1QQ s o d i u m  t h i o s u l p h a t e  u s i n g  t h e  u s u a l  
s t a r c h  i n d i c a t o r .  I t  h a s  b e e n  e s t a b l i s h e d  t h a t  1 m l .  
o f  0 . 0 1  N i o d i n e  s o l u t i o n  i s  e q u i v a l e n t  t o  0 . 8 8  mg. o f  
a s c o r b i c  a c i d ;  c o n s e q u e n t l y ,  1  m l .  o f  0 . 0 1  N s o d i u m  
t h i o s u l p h a t e  i s  a l s o  e q u i v a l e n t  t o  0 . 8 8  mg. a s c o r b i c  
a c i d ,  and  t h u s  t h e  a s c o r b i c  a c i d  e q u i v a l e n t  o f  t h e  
i n d o p h e n o l  c a n  be  f o u n d .
1 8 .
L a b o r a t o r y  T e c h n i q u e .
D u r i n g  t h e  c o u r s e  o f  t h e  I n v e s t i g a t i o n ,  
v a r i o u s  t y p e s  o f  t i s s u e s  w e r e  e x a m i n e d .  S e v e r a l  
m e t h o d s  o f  e x t r a c t i o n  w e re  u s e d ,  d e p e n d i n g  o n  t h e  
t y p e  o f  t i s s u e  i n v o l v e d ,  and  t h e  p a r t i c u l a r  p u r p o s e  
f o r  w h ic h  i t  was  r e q u i r e d .
( a )  T u b e r  T i s s u e .  " Q u i c k  E x t r a c t i o n  p r o c e s s . "
I n  o r d e r  t o  o b t a i n  a  r e p r e s e n t a t i v e  s a m p l e  o f  t h e  
t u b e r  t i s s u e ,  t h r e e  c o r e s  w e r e  t a k e n  f r o m  a  t u b e r .  
C o r e s  w e r e  t a k e n  an d  a  p o r t i o n  c u t  o f f  w i t h  p a r a l l e l  
k n i v e s  f i x e d  a t  1 . 7 5  cm. a p a r t .  Two c o r e s  w e r e
t a k e n  w i t h  a  c o r k  b o r e r  11 mm. i n  d i a m e t e r ,  o n e
*
l o n g i t u d i n a l l y ,  t h e  o t h e r  t r a n s v e r s e l y .  Two p i e c e s  
w e r e  t h e n  c u t  f r o m  t h e  l o n g i t u d i n a l  c o r e  and  o n e  f r o m  
t h e  t r a n s v e r s e  c o r e  by means  o f  t h e  p a r a l l e l  k n i v e s .  
E ach  p i e c e  w e i g h e d  a b o u t  2 g .  The f o l l o w i n g  d i a g r a m  
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F o r  t h e  " Q u i c k  E x t r a c t i o n "  m e t h o d ,  t h e  d i m e n s i o n s  o f  
t h e  c o r e s  m u s t  be  s t r i c t l y  a d h e r e d  t o  a s  t h e  m e th o d  i s  
e s s e n t i a l l y  c o m p a r a t i v e .
The t h r e e  c o r e s  so o b t a i n e d  w e re  a t  o n c e  
p l a c e d  i n  10 m l .  o f  a  2/S t r i c h l o r a c e t i c  a c i d  s o l u t i o n  
and  s h a k e n  f o r  one  m i n u t e .  The s u p e r n a t a n t  l i q u i d  
was t h e n  d e c a n t e d  and  t i t r a t e d  w i t h  t h e  s t a n d a r d i s e d
0 . 0 0 0 5  l\t. i n d o p h e n o l .  The t i t r a t i o n  v a l u e  so 
o b t a i n e d  i s  t h e  f i g u r e  u s e d  when c o m p a r i n g  t h e  
r e l a t i v e  a s c o r b i c  a c i d  c o n t e n t s  o f  t u b e r s ,  and  i s  
h e r e i n a f t e r  c a l l e d  t h e  " i n d o p h e n o l  v a l u e "  o f  t h e  
t u b e r .
( b )  T u b e r  T i s s u e .  " C o m p l e t e  E x t r a c t i o n  P r o c e s s . "  
T h r e e  c o r e s  w e re  t a k e n  f r o m  t h e  t u b e r  a s  d e s c r i b e d  
i n  ( a ) .  The c o r e s  w e r e  now t r a n s f e r r e d  a s  q u i c k l y  
a s  p o s s i b l e  t o  a  m o r t a r ,  and  a b o u t  h a l f  t h e  f i n a l  
vo lum e  o f  2f0 t r i c h l o r a c e t i c  a c i d  ( i n  t h i s  c a s e  25  m l . )  
was  a d d e d .  A b o u t  8  g .  o f  p u r e  i r o n - f r e e  s a n d  w e r e  
t h e n  a d d e d ,  and  t h e  w h o le  g r o u n d  i n t o  a  p u l p .  The 
e x t r a c t  was  now d e c a n t e d  o f f  and  f i l t e r e d  t h r o u g h  
g l a s s  w o o l  i n t o  a  50 m l .  s t a n d a r d  f l a s k .  G l a s s  w oo l  
was  c h o s e n  b e c a u s e  i t  was  f o u n d  t o  be  t h e  q u i c k e s t  
f i l t e r i n g  medium g i v i n g ,  a t  t h e  same t i m e ,  a  f a i r  
s e p a r a t i o n  o f  s u s p e n d e d  m a t e r i a l .  I f  t h e r e  was  much 
m a t e r i a l  i n  s u s p e n s i o n  i t  was f o u n d  d e s i r a b l e  t o  
rem o v e  i t  by  c e n t r i f u g i n g  i n  a  p o i n t e d  c e n t r i f u g e  t u b e  
and  p i p e t t i n g  o f f  t h e  s u p e r n a t a n t  l i q u i d ,  o t h e r w i s e
a n  e r r o r  was i n t r o d u c e d ,  d u e  t o  t h e  a d s o r p t i o n  o f  t h e  
dye  o n  t h e  s u s p e n d e d  m a t e r i a l .  I n  a l l  c a s e s ,  t h r e e  
e x t r a c t i o n s  w e r e  f o u n d  t o  be  d e s i r a b l e  i n  o r d e r  t o  
rem o v e  t h e  b u l k  o f  t h e  a s c o r b i c  a c i d .  The t h r e e  
e x t r a c t s  w e re  a l l  f i l t e r e d  i n t o  t h e  s t a n d a r d  f l a s k  
w h ic h  was t h e n  f i l l e d  up  t o  t h e  m ark  a n d  a n  a l i q u o t  
( u s u a l l y  5 m l . )  t a k e n  f o r  t i t r a t i o n .
( c )  S p r o u t s ,  S te m s  and  L e a v e s .  W i th  s p r o u t s ,  t h e
2 0 .
a v a i l a b l e  w e i g h t  o f  t i s s u e s  was much s m a l l e r ,  and 
a  m i c r o - b u r e t t e  was u s e d  f o r  t h e  t i t r a t i o n s ,  b u t  
t h e  m e th o d  o f  e x t r a c t i n g  t h e  a s c o r b i c  a c i d  was 
e x a c t l y  t h e  same a s  i n  s e c t i o n  ( b ) .  Many s p r o u t s  
a r e  d e e p l y  c o l o u r e d  and  a  s e p a r a t e  t e c h n i q u e  h a d  t o  
be a d o p t e d  f o r  t h e  t i t r a t i o n  o f  t h e i r  e x t r a c t s .
T h i s  i s  d e s c r i b e d  i n  s e c t i o n  ( d ) .
( d )  C o l o u r e d  S o l u t i o n s .  C e r t a i n  c o l o u r e d  
s o l u t i o n s  p r o v i d e d  an  a d d i t i o n a l  p r o b l e m ,  s i n c e  
t h e  c o l o u r  p r e s e n t  n e a r l y  a l w a y s  o b s c u r e d  o r  m asked  
t h e  e n d - p o i n t .  Emmer ie  a n d  v a n  E e k e l e n  ( 1 9 3 4 )  
s u g g e s t e d  t h e  u s e  o f  m e r c u r i c  a c e t a t e  a s  a  
p r e c i p i t a n t ,  b u t  McHenry  an d  Graham ( 1 9 3 5 )  f o u n d  
t h i s  m e th o d  u n s a t i s f a c t o r y  s i n c e  o n l y  a b o u t  70% o f  
t h e  a s c o r b i c  a c i d  was  r e c o v e r e d .  T h e y ,  i n  t u r n ,  
i n t r o d u c e d  a  m e th o d  d e p e n d i n g  o n  t h e  f a c t  t h a t  m o s t  
p l a n t  p i g m e n t s  a r e  i n s o l u b l e  i n  c h l o r o f o r m ,  w h e r e a s  
t h e  i n d o p h e n o l  i n d i c a t o r  i s  m o re  s o l u b l e  i n  
c h l o r o f o r m  t h a n  i n  w a t e r .  The t e c h n i q u e  a d o p t e d  i n  
t h i s  i n v e s t i g a t i o n  was e s s e n t i a l l y  t h a t  o f  O l l i v e r
( 1 9 3 8 ) .  The a s c o r b i c  a c i d  s o l u t i o n  was p l a c e d  i n  a  
15 m l .  n a r r o w  p o i n t e d  c e n t r i f u g e  t u b e  a l o n g  w i t h  
2 m l .  c h l o r o f o r m .  S t i r r i n g  was e f f e c t e d  by  a  
s t r e a m  o f  o x y g e n - f r e e  c a r b o n  d i o x i d e  o r  n i t r o g e n .  
C e n t r i f u g i n g  may b e  r e q u i r e d  t o  b r e a k  t h e  e m u l s i o n  
i n  t h e  l o w e r  l a y e r .  A d d i t i o n  o f  t h e  i n d i c a t o r  
was  c o n t i n u e d  u n t i l  t h e  c h l o r o f o r m  l a y e r ,  a f t e r  be ing-  
m ix e d  w i t h  t h e  e x t r a c t  l a y e r ,  d e v e l o p e d  a  d e f i n i t e  
p i n k  c o l o u r .  I t  was  m o s t  i m p o r t a n t  t h a t  t h e
2 1 .
e x t r a c t  and aaa t h e  i n d i c a t o r  be  w e l l  m ix e d  b e f o r e  
t h e  c h l o r o f o r m  and  a q u e o u s  l a y e r s  w e re  m i x e d .  I f  
t h e  i n d i c a t o r  came i n t o  d i r e c t  c o n t a c t  w i t h  t h e  
c h l o r o f o r m  l a y e r  a  p i n k  c o l o u r ,  n o t  d i s c h a r g e d  by  
a s c o r b i c  a c i d ,  m i g h t  r e s u l t .  A r o u g h  t i t r a t i o n  
was c a r r i e d  o u t  f i r s t  t o  g i v e  a n  a p p r o x i m a t e  i d e a  o f  
t h e  t i t r a t i o n  v a l u e ,  and  t h u s  s a v e  t i m e  i n  t h e  f i n a l  
t i t r a t i o n .
( e ) D e h y d r o a s o o r b i c  A c i d .  I t  was  fo u n d  t h a t  i n  
t h e  p o t a t o  t u b e r s ,  t h e r e  was  a l w a y s  a  c e r t a i n  am o u n t  
o f  d e h y d r o a s c o r b i c  a c i d  p r e s e n t ,  t h o u g h  t h i s  am o u n t  
v a r i e d  c o n s i d e r a b l y  t h r o u g h o u t  t h e  s e a s o n ,  and  so 
t h i s  h a d  a l s o  t o  b e  t a k e n  i n t o  a c c o u n t  when 
d e t e r m i n i n g  t h e  t o t a l  a s c o r b i c  a c i d  c o n t e n t  o f  t h e  
t i s s u e .  I n  t h e  p r e s e n t  i n s t a n c e ,  t h e  t o t a l  a s c o r b i c  
a c i d  was d e t e r m i n e d  by  t a k i n g  a  known v o lu m e  o f  t h e  
e x t r a c t  o b t a i n e d  i n  ( b ) ,  t r a n s f e r r i n g  i t  t o  a  50 m l .  
c o n i c a l  f l a s k  and  p a s s i n g  HgS f o r  a  p e r i o d  o f  15  
m i n u t e s .  A t  f i r s t ,  t r o u b l e  was  e x p e r i e n c e d ,  d u e  t o  
e x c e s s i v e  f r o t h i n g  when t h e  g a s  was p a s s e d ,  b u t  t h i s  
was o v e rc o m e  by t h e  a d d i t i o n  o f  2 m l .  o f  i s o p r o p y l  
a l c o h o l .  A f t e r  p a s s i n g  t h e  HgS, t h e  f l a s k  was  
t i g h t l y  s t o p p e r e d  a n d  a l l o w e d  t o  s t a n d  o v e r n i g h t .
I n  t h e  m o r n i n g ,  t h e  e x c e s s  HgS was  d r i v e n  o f f  w i t h  a  
s t r e a m  o f  o x y g e n - f r e e  n i t r o g e n  u n t i l  t h e r e  was no 
p o s i t i v e  t e s t  f o r  H2S w i t h  l e a d  a c e t a t e  p a p e r .
T h i s  u s u a l l y  r e q u i r e d  a  p e r i o d  o f  a b o u t  1 0 - 1 5  
m i n u t e s .  The i n d o p h e n o l  t i t r a t i o n  was  now c a r r i e d  
o u t  i n  t h e  u s u a l  m a n n e r .  Ken a n d  W ats o n  ( 1 9 3 6 )  
g i v e  a  v e r y  good  m e th o d  f o r  t h e  p u r i f i c a t i o n  o f  t h e
22 .
n i t r o g e n  t o  be u s e d  i n  s u c h  c i r c u m s t a n c e s .  The 
n i t r o g e n  i s  f i r s t  p a s s e d  t h r o u g h  t h r e e  w a s h - b o t t l e s  
c o n t a i n i n g  t h e  f o l l o w i n g  r e a g e n t s  ( 1 )  a l k a l i n e  
p y r o g a l l o l  ( 2 )  s u l p h u r i c  a c i d  ( 3 )  t r a p .  The g a s  
i s  n e x t  p a s s e d  t h r o u g h  a n  e l e c t r i c a l l y  h e a t e d  
c o m b u s t i o n  t u b e  f i l l e d  w i t h  c o p p e r  t u r n i n g s  t o  
a n o t h e r  w a s h - b o t t l e  c o n t a i n i n g  an  a l k a l i n e  g l u c o s e  
s o l u t i o n  a l o n g  w i t h  m e t h y l e n e  b l u e .  T h i s  l a s t  
s o l u t i o n  i s  made up  by a d d i n g  a  1% s o l u t i o n  o f  
m e t h y l e n e  b l u e  d r o p  by  d r o p  t o  a  h o t  1% g l u c o s e  
s o l u t i o n  i n  H / 10 NaOH u n t i l  a  f a i n t  b l u e  c o l o u r a t i o n  
i s  o b t a i n e d .  The t e m p e r a t u r e  i s  t h e n  r a i s e d  u n t i l  
t h e  s o l u t i o n  b eco m es  c o l o u r l e s s .
F r e e z i n g  o f  C o r e s  and  i t s  E f f e c t  o n  t h e  
A s c o r b i c  A c id  C o n t e n t .
N o r m a l l y ,  when i t  i s  r e q u i r e d  t o  d e t e r m i n e  
t h e  a s c o r b i c  a c i d  c o n t e n t  o f  a  l a r g e  nu m b er  o f  t u b e r s ,  
t h e  p r o c e s s  i s  r a t h e r  t e d i o u s ,  so a n  a t t e m p t  was made 
t o  im p r o v e  t h e  m e thod  by a  f r e e z i n g  p r o c e s s .  When 
p l a n t  c e l l s  a r e  f r o z e n ,  t h e  c e l l  w a l l s  become 
d i s r u p t e d  s o  t h a t  o n  t h a w i n g  t h e  c o n t e n t s  s h o u l d  be 
more  e a s i l y  r e a c h e d  by  t h e  e x t r a c t i n g  a g e n t ,  i n  t h i s  
c a s e  2$ t r i c h l o r a c e t i c  a c i d .
F i r s t  o f  a l l ,  t h e  f r e e z i n g  was  d o n e  w i t h  
s o l i d  c a r b o n  d i o x i d e .  A h o l e  was  b o r e d  i n  t h e  s o l i d  
b l o c k  and  i n t o  t h i s  t h e  c o r e s ,  t a k e n  i n  t h e  u s u a l  
m a n n e r ,  w e r e  d r o p p e d  and  l e f t  f o r  a  m i n u t e  o r  t w o .  
( Y e r y  l i t t l e  t i m e  was  r e q u i r e d  f o r  t h e  c o r e s  t o
2 3 .
f r e e z e ) .  When t h e  c o r e s  w e re  t a k e n  o u t  and a l l o w e d  
t o  t h a w ,  t h e  t i s s u e  was found  to  b e  s p o n g y  and t o  be 
l o s i n g  a  c o n s i d e r a b l e  amount o f  m o i s t u r e ,  t h u s  sh o w in g  
t h a t  a n  i r r e v e r s i b l e  c h a n g e  had t a k e n  p l a c e  i n  t h e  
s t r u c t u r e  o f  t h e  p o t a t o  t i s s u e .
The f r o z e n  c o r e s  w e re  t r e a t e d  i n  v a r i o u s  
w a y s .  Some b e i n g  g r o u n d  a l o n e ;  o t h e r s  w e re  g r o u n d  
w i t h  s a n d  b e f o r e  a n d  a f t e r  t h a w i n g .  I n  a l l  c a s e s  
t h e r e  was  l i t t l e  d i f f e r e n c e  i n  t h e  s t a t e  o f  d i v i s i o n  
o f  t h e  t i s s u e  a s  com pared  w i t h  t h e  o r d i n a r y  
e x t r a c t i o n  m e th o d ,  a n d ,  i n  f a c t ,  i t  had  o n e  v e r y  
s e r i o u s  d r a w - b a c k ,  a s  w i l l  be  s e e n  l a t e r .
L i q u i d  a i r  was n e x t  t r i e d  a s  t h e  f r e e z i n g  
medium. The c o r e s  w e r e  t i e d  up i n  a  s m a l l  m u s l i n  
b a g  a n d  t h e  w h o l e  d i p p e d  i n t o  t h e  l i q u i d .  On 
g r i n d i n g  t h e  f r o z e n  c o r e s ,  a  g r e a t  num ber  o f  u n b r o k e n  
c e l l s  w e r e  v i s i b l e  u n d e r  t h e  m i c r o s c o p e .  By f a r  t h e  
m o s t  i m p o r t a n t  p o i n t ,  h o w e v e r ,  f ro m  t h e  p o i n t  o f  
v i e w  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  was t h e  l o s s  o f  
v i t a m i n - C  o n  f r e e z i n g .
The a s c o r b i c  a c i d  c o n t e n t  o f  v a r i o u s  f r o z e n  
c o r e s  o f  a  few v a r i e t i e s  was d e t e r m i n e d  by  t h e  n o r m a l  
i n d o p h e n o l  m e th o d  t o  f i n d  o u t  t h e  e f f e c t  o f  f r e e z i n g .  
F i r s t  o f  a l l ,  t h e  d e t e r m i n a t i o n  was c a r r i e d  o u t  w i t h  
t h e  u n f r o z e n  t i s s u e  by  t h e  method ( b )  a l r e a d y  
d e s c r i b e d ,  a s  a  c o n t r o l .  A c o m p a r a b le  s e t  o f  c o r e s  
was now f r o z e n  a s  d e s c r i b e d  a b o v e ,  and t h e  a s c o r b i c  
a c i d  c o n t e n t  a g a i n  d e t e r m i n e d .  I t  vías found  t h a t  i t
2 4 .
was v e r y  much r e d u c e d ,  i n  f a c t  i t  was o n l y  a b o u t  
o n e - s i x t h  o f  t h e  amount  c o n t a i n e d  i n  t h e  f r e s h  
t i s s u e  ( S e e  T a b l e  1 ) .
T a b l e  1 .
A s c o r b i c  a c i d  i n  mg. p e r  100 g .  t i s s u e  a f t e r  g r i n d i n g  
c o r e s  w i t h  s a n d .  F r o z e n  c o r e s  com pared  w i t h  u n f r o z e n .
2 5 .
V a r i e t y .  U n f r o z e n .  F r o z e n .
A r r a n  C h i e f  6 . 5 1  1 . 0 5
U p - t o - B a t e  8 . 9 6  3 . 2 0
S h a r p e Ts E x p r e s s  7 . 7 8  1 . 5 5
P r e s i d e n t  6 .6 7  1 . 2 1
T h e r e  was  a  p o s s i b i l i t y  t h a t  t h e  a s c o r b i c  
a c i d  m i g h t  h a v e  b e e n  o x i d i s e d  by  c o n t a c t  w i t h  t h e  
l i q u i d  o x y g e n ,  b u t  when t h e  c o r e s  w e re  f r o z e n  by 
p l a c i n g  them  i n  a  t e s t - t u b e  and d i p p i n g  t h e  t u b e  i n t o  
t h e  l i q u i d  a i r ,  t h e  v i t a m i n  c o n t e n t  was s t i l l  l o w .  
Thus t h e  e f f e c t  o f  t h e  i n t i m a t e  c o n t a c t  w i t h  t h e  
o x y g e n  seem ed  t o  be  o f  l i t t l e  a c c o u n t .  Some o f  t h e  
e x t r a c t  was  t r e a t e d  i n  t h e  u s u a l  m anner  w i t h  HgS t o  
d e t e r m i n e  t h e  am ount  o f  r e v e r s i b l y  o x i d i s e d  a s c o r b i c  
a c i d .  I n  t h i s  c a s e  t h e  a s c o r b i c  a c i d  c o n t e n t  was 
a b o u t  d o u b l e  t h e  f i r s t  v a l u e ,  b u t  was  s t i l l  low 
c o m p a r e d  w i t h  t h e  f r e s h  m a t e r i a l .  (S ee  T a b l e  2 ) .
Thus  i t  w o u ld  see m  a s  i f  some o f  t h e  v i t a m i n  i s  
i r r e v e r s i b l y  o x i d i s e d  o r  d e s t r o y e d  i n  some way.
I n c r e a s e  i n  a s c o r b i c  a c i d  c o n t e n t  i n  mg. p e r  c e n t  o f  
f r o z e n  t i s s u e  a f t e r  t r e a t m e n t  w i t h  HgS.
V a r i e t y .  B e f o r e  HgS A f t e r  HgS
S h a r p e ' s  E x p r e s s  1 . 5 5  3 . 7 2
P r e s i d e n t  1 . 2 1  4 . 4 3
I t  i s  w o r t h y  o f  n o t e  t h a t  a  p u r e  s o l u t i o n  
o f  a s c o r b i c  a c i d  i n  w a t e r  and  i n  2%■ t r i c h l o r a c e t i c  
a c i d  e x p e r i e n c e d  no r e d u c t i o n  o f  t h e  r e d u c i n g  v a l u e  
o n  f r e e z i n g  i n  a  s i m i l a r  m a n n e r ,  b u t  when f r o z e n  i n  
t h e  p r e s e n c e  o f  t u b e r  t i s s u e  a  f a l l  i n  t h e  a s c o r b i c  
a c i d  c o n t e n t  was  f o u n d ,  ( i n  t h e  f o l l o w i n g  e x p e r i m e n t  
t h e  G r e a t  S c o t  was  f r o z e n  i n  a  t e s t - t u b e ,  w h i l e  t h e  
M a j e s t i c  was  f r o z e n  I n  m u s l i n ) .  A p u r e  s o l u t i o n  
o f  a s c o r b i c  a c i d  g a v e  t h e  f o l l o w i n g  r e s u l t  when 
f r o z e n ,  and  t h e  r e s u l t s  i n  T a b l e  3 a r e  b a s e d  u p o n  
i t .
U n f ro  z e n .  F r o z e n .
15  m l .  s o l n .  1 0 . 7 8  m l .  1 0 . 5 5  m l .
2 6 .
T a b le  2 .
2 7 .
T a b l e  5 .
I n d o p h e n o l  t i t r a t i o n  v a l u e s  when c o r e s  w e re  f r o z e n  i n  p r e s e n c e  
and a b s e n c e  o f  f r e e  a s c o r b i c  a c i d .  (1 5  m l .  = 1 0 . 7 8  m l .  I n d o . ) .
V a r i e t y .  S a m p l e . F r o z e n .  U n f r o z e n .  T h e o r e t ♦ L o s s .
G rea t  S c o t  8 . 1 7 g .  2 . 9 0  m l .
15  m l .  + 9 . 4 9 g .  1 3 . 2 5  m l .  1 3 . 9 2  m l .  0 . 6 9  m l .
7 . 9 3 g .  0 . 7 0  m l .
15  m l .  + 8 . 6 0 g .  9 . 9 8  m l .  1 1 . 5 7  m l .  1 . 5 9  m l .
M a j e s t i c  1 0 . 9 2 g .  3 . 7 3  m l .
15  m l . +  1 0 . 8 6 g .  1 3 . 4 5  m l .  1 4 . 1 5  m l .  0 . 7 0  m l .
8 . 8 9 g .  0 . 6 4  m l .
15 m l .  + 7 . 3 7 g .  9 . 0 8  m l .  1 1 . 0 5  m l .  1 . 9 7  m l .
C o n c l u s i o n .  F r e e z i n g  d i d  n o t  e f f e c t  an y  o b v i o u s  
i m p r o v e m e n t  i n  t h e  r u p t u r e  o f  t h e  c e l l  w a l l s  o f  t h e  
p o t a t o  t u b e r  a s  c o m p ar ed  w i t h  t h e  o r d i n a r y  g r i n d i n g  
m e th o d  w i t h  s a n d ,  and  t h e  l a t t e r  was j u s t  a s  q u i c k .  
When f r o z e n ,  a n  i r r e v e r s i b l e  ch an g e  i s  p r o d u c e d  i n  
t h e  t i s s u e  a s  shown by  t h e  f a c t  t h a t  t h e  t i s s u e ,  on  
t h a w i n g ,  i s  s p o n g y  and  l o s e s  a  c o n s i d e r a b l e  amount  o f  
m o i s t u r e .
A m a rk e d  l o w e r i n g  o f  t h e  i n d o p h e n o l  
t i t r a t i o n  v a l u e  c a u s e d  by  t h e  p r o c e s s  o f  f r e e z i n g  and 
t h a w i n g  i s  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  s t r u c t u r a l  
b r e a k d o w n  o f  t h e  t i s s u e ,  b r o u g h t  a b o u t  by  t h e  
f o r m a t i o n  o f  i c e  c r y s t a l s  w h ich  may a c t  d i r e c t l y  
c a u s i n g  m e c h a n i c a l  damage o r  i n d i r e c t l y  by  
c o n c e n t r a t i n g  t h e  a q u e o u s  p h a s e .  I t  i s  t h e  l a t t e r  
w h ic h  i s  r e s p o n s i b l e  f o r  t h e  ch an g e  i n  l i v i n g  m u s c l e  
when i t  i s  f r o z e n .  T h i s  d i s i n t e g r a t i o n  may w e l l  
l e a d  t o  t h e  l i b e r a t i o n  i n t o  t h e  f r e e  l i q u i d  o f  
en zy m es  c a p a b l e  o f  i n a c t i v a t i n g  o r  o x i d i s i n g  t h e  
v i t a m i n .  M i l l s  ( 1 9 3 5 )  f o u n d  v e r y  s i m i l a r  r e s u l t s  
when l i v e r  was  f r o z e n .  When f r o z e n ,  a  c e r t a i n  
am ount  o f  v i t a m i n - C  was l o s t ,  and  o n  p r o l o n g e d  
s t o r a g e  i n  t h e  f r o z e n  s t a t e ,  f u r t h e r  d e s t r u c t i o n  
o c c u r r e d .  B r a c e w e l l  found  t h a t  s t o r a g e  a t  low 
t e m p e r a t u r e s  had  no e f f e c t  o n  t h e  a n t i s c o r b u t i c  
p o t e n c y  o f  a p p l e s ,  b u t  t h e  s t a b i l i t y  o f  t h e  v i t a m i n  
h a s  b e e n  shown t o  v a r y  i n  d i f f e r e n t  m e d ia .  The l o s s  
i n  a n t i s c o r b u t i c  a c t i v i t y  may a l s o  be c o n n e c t e d  i n  
some way w i t h  t h e  d e n a t u r a t i o n  o f  t h e  p r o t e i n .  I t
2 8 .
i s  w o r t h y  o f  n o t e  t h a t  I z u m r u d o v a  (1 9 3 5 )  fo und  t h a t  
p o t a t o e s  s t o r e d  a t  2 . 5 °  c .  g r a d u a l l y  l o s e  v i t a m i n - C ,  
h u t  t h a t  f r o z e n  p o t a t o e s  r e t a i n  t h e i r  p o t e n c y .  I n  
a l l  p r o b a b i l i t y ,  h i s  e x p e r i m e n t s  w e re  c a r r i e d  o u t  
w i t h  w h o le  t u b e r s  and  n o t  w i t h  c o r e s  a s  i n  t h i s  
i n v e s t i g a t i o n  w h ic h  would  a c c o u n t  f o r  t h e  l a r g e  
l o s s e s  f o u n d  i n  t h e  p r e s e n t  w ork .
D i u r n a l  V a r i a t i o n  i n  t h e  A s c o r b i c  A c id  C o n t e n t .
L e a v e s  and  S t e m s .
A t  one  s t a g e  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  
s a m p l e s  h a d  t o  be t a k e n  f r o m  p l a n t s  g ro w in g  i n  t h e  
f i e l d  and  i t  was  t h o u g h t  d e s i r a b l e ,  i n  o r d e r  to  make 
t h e  r e s u l t s  a s  c o m p a r a b l e  a s  p o s s i b l e ,  t h a t  a t t e n t i o n  
s h o u l d  be  p a i d  t o  t h e  v a r i a t i o n  i n  t h e  a s c o r b i c  a c i d  
c o n t e n t  a t  v a r i o u s  t i m e s  o f  t h e  d a y  and  n i g h t .  As 
w i l l  be s e e n  f r o m  t h e  f o l l o w i n g  r e s u l t s ,  t h e  h o u r  o f  
s a m p l i n g  was  f o u n d  to  h a v e  a  l a r g e  e f f e c t  o n  t h e  
a s c o r b i c  a c i d  c o n t e n t ,  e s p e c i a l l y  i n  t h e  l e a v e s .  
B x p e r i m e n t a l  P r o c e d u r e .  p l a n t s  o f  a  few v a r i e t i e s  
w e r e  s p e c i a l l y  m a rk e d  f o r  t h i s  work  a n d ,  a t  i n t e r v a l s ,  
g r o u p s  o f  t h r e e  o r  f o u r  l e a v e s  w e re  t a k e n  f ro m  t h e  
h e a d s  o f  t h e s e  p l a n t s  and i m m e d i a t e l y  p l a c e d  i n  25 m l .  
o f  Zfo t r i c h l o r a c e t i c  a c i d .  The w e i g h t  o f  t h e  l e a v e s  
t a k e n  was a f t e r w a r d s  f o u n d  by  d i f f e r e n c e .  F o r  t h e  
d e t e r m i n a t i o n  o f  t h e  a s c o r b i c  a c i d  c o n t e n t ,  t h e  l e a v e s  
w e re  g r o u n d  up  w i t h  t r i c h l o r a c e t i c  a c i d  and t h e  
d e t e r m i n a t i o n  c a r r i e d  o u t  a s  p r e v i o u s l y  d e s c r i b e d  f o r  







































RELATION BETWEEN ASCORBIC ACID 
CONTENT OF LEAVES OF KERR'S PINK 









V ■ • 1
10 IZNOON 
TIME IN HO URS
The v a r i e t i e s  u s e d  w e r e  K e r r ’ s P i n k  a n d  
E p i c u r e  and  s a m p l e s  w e r e  t a k e n  o v e r  a  p e r i o d  o f  
2 4 - 4 8  h o u r s  a n d ,  i n  o n e  c a s e ,  a t  i n t e r v a l s  o f  o n e  
h o u r  f o r  a  p e r i o d  o f  e i g h t  h o u r s .
T h i s  work  was  c a r r i e d  o u t  a b o u t  t h e  m i d d l e  
o f  t h e  m o n th  o f  J u n e  when t h e  t u b e r s  w e r e  j u s t  
b e g i n n i n g  t o  f o r m  and  t h e  p l a n t s  w e r e  a b o u t  1 8 ” h i g h .  
As f a r  a s  c o u l d  a s c e r t a i n e d ,  a l l  t h e  p l a n t s  u s e d  f o r  
t h e  i n v e s t i g a t i o n  w e r e  h e a l t h y .
E x p e r i m e n t a l  R e s u l t s .  C ase  1 .  The l e a v e s  o f  
K e r r ’ s  P i n k  w e r e  s a m p l e d  a t  h o u r l y  i n t e r v a l s  f r o m
8 . 0  a .m .  t o  5 . 0  p . m .  G . S . T .  and t h e  r e s u l t s  g i v e n  
b e lo w  a r e  c a l c u l a t e d  o n  a  f r e s h - w e i g h t  b a s i s .
( S e e  T a b l e  4 ,  an d  G rap h  1 ) .
3 0 .
g e t  r i d  o f  t h e  s u s p e n d e d  m a t e r i a l .
T a b l e  4 .
A s c o r b i c  a c i d  c o n t e n t  o f  l e a v e s  o f  K e r r ’ s  P i n k  o n  a  
f r e s h - w e i g h t  b a s i s ,  e x p r e s s e d  i n  mg. p e r  100 g .
Time
8 . 0  a .m .
9 . 3 0
1 0 . 3 0
1 1 . 3 0
1 2 . 3 0  p .m .
1 . 3 0
2 . 3 0
3 . 3 0
5 . 0
A s c o r b i c  A c i d  
8 . 2 1  
1 0 . 4 7  
1 0 . 9 2  
8 . 5 5  
1 0 . 9 5  
8 . 3 4  
8 . 5 3  
8 . 7 3  






























t i m e : HOURS
From t h e s e  r e s u l t s  i t  i s  o b v i o u s  t h a t  t h e  
h i g h e s t  a s c o r b i c  a c i d  c o n c e n t r a t i o n  o c c u r s  b e t w e e n  
10 a . m .  and  12 n o o n .  The  d r o p  a t  1 1 . 3 0  a .m .  i s  
r a t h e r  d i f f i c u l t  t o  e x p l a i n ,  b u t  i t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t ,  B a r t o n - W r i g h t  and  McBain  ( 1 9 3 3 )  h a v e  
g i v e n  a  v e r y  s i m i l a r  t y p e  o f  c u r v e  f o r  t h e  d i u r n a l  
v a r i a t i o n s  i n  t h e  t o t a l  n i t r o g e n  c o n t e n t  o f  t h e  
l a m i n a e  o f  h e a l t h y  v a r i e t i e s  e x p r e s s e d  on  a  f r e s h -  
w e i g h t  b a s i s .
C a s e  2 .  The a b o v e  f i g u r e s  o n l y  g a v e  t h e  v a r i a t i o n s  
d u r i n g  n i n e  h o u r s  o u t  o f  t h e  t w e n t y - f o u r ,  and  i t  was  
t h o u g h t  t h a t ,  i f  s a m p l e s  w e r e  t a k e n  a t  l o n g e r  
i n t e r v a l s ,  t h e  s m a l l  h o u r l y  f l u c t u a t i o n s  w ould  b e  
s m o o t h e d  o u t  and  a  b e t t e r  p i c t u r e  o f  t h e  t r a n s l o c a t i o n ,  
i f  a n y ,  o b t a i n e d .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  
a r e  e m b o d ie d  i n  T a b l e  5 ,  and G ra p h  2 .
T a b l e  5 .
A s c o r b i c  a c i d  c o n t e n t  o f  l e a v e s  and  p e t i o l e s  o f  
K e r r ’ s  P i n k  o v e r  a  p e r i o d  o f  t i m e  e x p r e s s e d  on  a  
f r e s h - w e i g h t  b a s i s  a s  mg. p e r  100  g .
T im e  ( G . 3 . T . ) L a m in a e  Top o f  S t e m  B o t t o m  o f  S t e m
3 1 .
7 . 3 0  p . m .  7 . 5 3  1 3 . 8 6  8 . 3 0
1 2 . 0  " 1 4 . 8 0  9 . 1 1  6 . 1 9
1 0 . 0  a . m .  3 8 . 3 9  1 8 . 8 6  8 . 6 3
7 . 3 0  p . m .  1 0 . 7 5    1 4 . 2 7
1 2 . 0  » 1 1 . 4 2  1 7 . 9 2
6.0. a . m .  2 1 . 6 8  2 3 . 1 1  1 5 . 2 3






















When t h e s e  r e s u l t s  a r e  p l o t t e d  o n  a  g r a p h  
t h e  i r r e g u l a r i t i e s  v i s i b l e  o n  t h e  p r e v i o u s  g r a p h  a r e  
s m o o t h e d  o u t ,  and i t  i s  o b v i o u s  t h a t  t h e  c o n c e n t r a t i o n  
o f  a s c o r b i c  a c i d  i s  a t  i t s  h i g h e s t  a b o u t  10 a . m .
( G . S . T - ) .  T h i s  g r a p h  a l s o  h e l p s  t o  g i v e  a  p i c t u r e  
o f  t h e  d i s t r i b u t i o n  o f  t h e  a s c o r b i c  a c i d  down t h e  
s t e m  o f  t h e  p l a n t .  The t o p  o f  t h e  p l a n t  a l w a y s  h a s  a  
g r e a t e r  c o n c e n t r a t i o n  t h a n  t h e  l o w e r  p a r t  o f  t h e  s t e m ,  
b u t  r o u n d  a b o u t  m i d n i g h t ,  t h e  c o n c e n t r a t i o n  i n  t h e  
l e a v e s  f a l l s  be low  t h a t  o f  t h e  s t e m .  The v a r i a t i o n s  
i n  t h e  s t e m  a r e  n o t  n e a r l y  so g r e a t  a s  t h e  
f l u c t u a t i o n s  i n  t h e  l e a v e s ,  b u t  i t  i s  n o t  t h e  c a s e  
t h a t  a  s t e m  minimum m eans  a  l e a f  maximum. T h i s  i s  t o  
be  e x p e c t e d  when i t  i s  r e m e m b e r e d  t h a t  t r a n s l o c a t i o n  
i s  g o i n g  o n  f r o m  t h e  l e a v e s  a l l  t h e  t i m e ,  h e l p i n g  
t o  r a i s e  t h e  c o n c e n t r a t i o n  i n  t h e  s t e m .
C ase  5 .  The v a r i e t y  E p i c u r e  was  a l s o  i n v e s t i g a t e d  
w i t h  a  v i e w  t o  f i n d i n g  o u t  t h e  v a r i a t i o n  i n  t h e  
a s c o r b i c  a c i d  c o n t e n t  t h r o u g h o u t  t h e  t w e n t y - f o u r  
h o u r s .  The r e s u l t s  a r e  g i v e n  i n  T a b l e  6 ,  and  G raph  3 .  
S a m p l e s  w e r e  t a k e n  a t  i n t e r v a l s  o v e r  a  p e r i o d  o f  
48  h o u r s ,  and  t h e  f i g u r e s  q u o t e d  a r e  b a s e d  o n  t h e  
f r e s h - w e i g h t  o f  t h e  m a t e r i a l .
3 2 .
A s c o r b i c  a c i d  c o n t e n t  o f  l e a v e s  and  p e t i o l e s  o f  
E p i c u r e  o v e r  48  h o u r s  e x p r e s s e d  o n  a  f r e s h - w e i g h t  
b a s i s  a s  mg. p e r  100 g .
3 3 .
T a b l e  6 .
Time ( G . 3 . T .  ) L a m i n a e Top o f  S t e m B o t t o m  o:
1 0 . 0 a . m . 4 7 . 3 6 1 1 . 4 2 6 . 9 8
O
l
. o p . m . 3 7 . 1 1 7 . 4 9 1 0 . 7 8
1 2 . 0 n 2 5 . 5 4 1 1 . 6 5 4 . 6 0
5 . 0 a . m . 1 1 . 0 7 1 1 . 0 8 7 . 7 0
1 0 . 0 4 9 . 4 5 1 4 . 5 9 1 1 . 8 0
1 2 . 0 p . m . ------- 1 2 . 2 0 1 3 . 2 9
O
l
• o a . m . 2 4 . 1 2 8 . 2 0 8 . 2 5
1 0 . 0 tf 4 8 . 5 2 9 . 3 7 7 . 6 7
The r e s u l t s  o f  t h i s  e x p e r i m e n t  i n  t h e  m a i n ,  
b e a r  o u t  t h o s e  o f  t h e  l a s t .  The d i f f e r e n c e s  b e t w e e n  
t h e  t o p  a n d  t h e  b o t t o m  o f  t h e  s t e m  a r e  n o t  q u i t e  
so c l e a r - c u t .  The  c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  
i n  t h e  s t e m  n e v e r  r i s e s  a b o v e  t h e  c o n c e n t r a t i o n  i n  
t h e  l e a v e s ,  a s  w as  t h e  c a s e  w i t h  K e r r ’ s  P i n k .
C o n c l u s i o n .  The c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i n  
t h e  l e a v e s  and  s t e m s  o f  t h e  p o t a t o  v a r i e s  
c o n s i d e r a b l y  t h r o u g h o u t  t h e  d a y ,  b u t  r e a c h e s  a  
maximum i n  t h e  e a r l y  f o r e n o o n .  The  v a r i a t i o n  i n  t h e  
s t e m  i s  n o t  n e a r l y  so g r e a t  a s  i n  t h e  l e a f .  The 
f a c t  t h a t  t h e  c o n c e n t r a t i o n  i n  t h e  l e a v e s  i s  a l w a y s  
g r e a t e r  t h a n  i n  a n y  o t h e r  p a r t  o f  t h e  p l a n t ,  w o u ld  
seem  t o  s u g g e s t  t h a t  t h e  l e a v e s  a r e  t h e  s o u r c e  o f  
a s c o r b i c  a c i d  i n  t h e  p l a n t ,  an d  t h a t  a s c o r b i c  a c i d  i s ,  
t h e r e f o r e ,  a  p r o d u c t  o f  p h o t o s y n t h e s i s .  T h i s
s u b j e c t  w i l l  be d i s c u s s e d  f u r t h e r  i n  a  s u b s e q u e n t  
s e c t i o n .  The p a t h  o f  t h e  a s c o r b i c  a c i d  down t h e  
s t e m  i s  a l s o  s e e n  when i t  i s  n o t e d  t h a t  t h e  f o o t  o f  
t h e  s t e m  h a s  a  maximum, f o l l o w i n g  a  maximum o f ,  and  
a l m o s t  c o i n c i d i n g  w i t h  a  minimum o f  t h e  l e a v e s .  The 
a c t u a l  t i m e  l a g  i s ,  h o w e v e r ,  r a t h e r  d i f f i c u l t  t o  
d i s c e r n .
R e l a t i o n  b e t w e e n  A s c o r b i c  A c i d  c o n t e n t  o f  L e a v e s  and  T u b e r s
D u r i n g  t h e  G row ing  S e a s o n .
F o r  t h e  p u r p o s e  o f  t h i s  e x p e r i m e n t ,  two 
p l o t s  w e r e  l a i d  down i n  d i f f e r e n t  l o c a l i t i e s ,  o n e  
h a v i n g  a  pH o f  6 . 7  and t h e  o t h e r  a  pH o f  6 . 2 .  At 
t h e  f o r m e r  t h r e e  v a r i e t i e s  w e r e  p l a n t e d .  They  w e re  
A r r a n  P i l o t ,  A r r a n  C o n s u l  and D u n b a r  C a v a l i e r .  As 
w e l l  a s  h e a l t h y  t u b e r s ,  t u b e r s  i n f e c t e d  w i t h  v i r u s  
d i s e a s e s ,  n a m e l y ,  s e v e r e  m o s a i c  and  l e a f - r o l l ,  w e re  
p l a n t e d .  F o r  t h e  p u r p o s e s  o f  c o m p a r a t i v e  s a m p l i n g ,  
t h e  l e a v e s  n e a r e s t  t h e  g r o w i n g  t i p s  o f  c e r t a i n  
n u m b e r e d  p l a n t s  w e r e  t a k e n  a l o n g  w i t h  t h e  
c o r r e s p o n d i n g  t u b e r s  f r o m  t h e  same p l a n t s .  I n  o r d e r  
t o  make s a m p l i n g  a s  u n i f o r m  a s  p o s s i b l e ,  t h e  l e a v e s ,  
e t c .  w e r e  a l w a y s  c o l l e c t e d  a t  10 a .m .  and t h e  a s c o r b i c  
a c i d  d e t e r m i n a t i o n s  c a r r i e d  o u t  a s  s o o n  t h e r e a f t e r  a s  
p o s s i b l e .  S a m p l i n g  was s t a r t e d  a b o u t  t h e  b e g i n n i n g  
o f  J u n e ,  and c o n t i n u e d  a t  i n t e r v a l s  u n t i l  t h e  end o f  
t h e  g r o w i n g  s e a s o n .
The r e s u l t s  f o r  e a c h  v a r i e t y  a r e  g i v e n  
s e p a r a t e l y ,  a n d  a r e  a l l  e x p r e s s e d  i n  mg. p e r  100  g .  
o f  t i s s u e .  ( F r e s h - W e i g h t ) .  The f o l l o w i n g  l e t t e r s
3 4 .
a r e  u s e d  t o  d i s t i n g u i s h  h e a l t h y  and  d i s e a s e d  
m a t e r i a l .
E .H . H e a l t h y  P l a n t s .
E .S .M .  P l a n t s  i n f e c t e d  w i t h  s e v e r e  m o s a i c .
E . L . R .  P l a n t s  i n f e c t e d  w i t h  l e a f - r o l l .
3 5 .
A s c o r b i c  a c i d  c o n t e n t  o f  h e a l t h y  a n d  d i s e a s e d  l e a v e s  
and  t u b e r s  a t  d i f f e r e n t  d a t e s  o f  s a m p l i n g ,  i n  mg. p e r
36 .
T a b l e  7 .
100 g .  f r e s h - w e i g h t .
Cl) A r r a n  P i l o t
D a t e L e a v e s T u b e r s
E .H .  E .S .M . E . L . R . E .H . E. S.M. e . l .:
1 3 / 6 15 - 10 - -
6 / 7 77 55 65 28 32 27
1 7 / 8 53 32 31 32 18
9 / 9 - - 20 18 23
(2) D u n b a r  C a v a l i e r
D a t e L e a v e s T u b e r s
E .H .  E. S.M. E . L . R . E .H . E..S.M. s . l .:
1 4 / 7 8 3  92 63 28 27 22
2 1 / 8 27 62 46 22 29 33
2 6 / 9 - - 22 23 25
( 3 ) A r r a n  C o n s u l
D a t e L e a v e s T u b e r s
E .H .  E .S .M . E . L . R . E .H . S. S .M . e . l .:
2 0 / 7 30 35 17 14 15 15
2 1 / 8 16 33 20 24 35 29
1 4 / 9 — — — 19 18 19
The a v e r a g e  f i g u r e  f o r  t h e  l e a v e s  o f  a l l  
t h r e e  v a r i e t i e s  i s  4 8 . 3  mg. a s c o r b i c  a c i d  p e r  100  g .  
o f  t i s s u e ,  and  t h e  c o m p a r a b l e  f i g u r e  f o r  t h e  t u b e r s  
i f  2 4 . 9  mg. a s c o r b i c  a c i d .  T h u s ,  t h e  c o n c e n t r a t i o n  
i n  t h e  l e a v e s  i s  a b o u t  d o u b l e  t h a t  i n  t h e  t u b e r  a n d ,  
i n  some c a s e s  i t  i s  much h i g h e r  s t i l l .
I n  t h e  s e c o n d  l o c a l i t y ,  s e v e n  v a r i e t i e s  w e re  
p l a n t e d ,  a l l  o f  w h i c h  w e r e  h e a l t h y .  The s a m p l i n g  and  
t h e  a n a l y s i s  w e r e  c a r r i e d  o u t  i n  t h e  same way a s  b e f o r e .  
T a b l e  8 g i v e s  t h e  c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i n  
mg. p e r  100 g .  f r e s h - w e i g h t  i n  t h e  l e a v e s ,  and T a b l e  9 
t h e  c o m p a r a t i v e  v a l u e s  f o r  t h e  t u b e r s .
T a b l e  8 .
A s c o r b i c  a c i d  c o n t e n t  o f  t h e  l e a v e s  o f  h e a l t h y  p l a n t s  
a t  d i f f e r e n t  d a t e s  o f  s a m p l i n g  i n  mg. p e r  100 g .  
f r e s h - w e i g h t .
3 7 .
V a r i e t y 4 / 7 2 6 / 7 3 1 / 8
A r r a n  P i l o t 120 101 59
G r e a t  S c o t 84 76 54
K e r r ’ s  P i n k - 75 51
A r r a n  B a n n e r - 90 60
R e d s k i n - 46 60
M a j e s t i c - 49 52
D u n b a r  C a v a l i e r 62 66
3 8 .
A s c o r b i c  a c i d  c o n t e n t  o f  t h e  t u b e r s  o f  h e a l t h y  p l a n t s  
a t  d i f f e r e n t  d a t e s  o f  s a m p l i n g  i n  mg. p e r  100  g .  
f r e s h - w e i g h t .
T a b l e  9 .
V a r i e t y 4 / 7 2 6 / 7 3 1 / 8 1 4 / 9
A r r a n  P i l o t 27 14 30 17
G r e a t  S c o t 17 25 26 18
K e r r ’ s  P i n k - 25 31 14
A r r a n  B a n n e r - 20 34 22
R e d s k i n - 21 24 14
M a j e s t i c - 21 30 14
D u n b a r  C a v a l i e r * . 21 24 14
C o n c l u s i o n .
The c o n c e n t r a t i o n  o f  t h e  a s c o r b i c  a c i d  i n  
t h e  y o u n g  t u b e r  v a r i e s  w i t h  t h e  s t a g e  o f  d e v e l o p m e n t  
o f  t h e  t u b e r .  I n  e v e r y  c a s e ,  a  maximum v a l u e  was  
r e a c h e d  o n ,  o r  b e f o r e ,  t h e  m i d d l e  o f  A u g u s t .  F o r  
" E a r l y "  an d  " S e c o n d  E a r l y "  v a r i e t i e s ,  t h e  maximum was 
r e a c h e d  r a t h e r  e a r l i e r  t h a n  i n  t h e  o t h e r  v a r i e t i e s ,  
b u t  t h i s  i s  t o  b e  e x p e c t e d  when i t  i s  r e m e m b e r e d  t h a t  
" E a r l y "  v a r i e t i e s  r e a c h  m a t u r i t y  b e f o r e  t h e  " L a t e "  
v a r i e t i e s ,  so t h a t  t h e  maximum c o r r e s p o n d s  t o  t h e  same 
s t a g e  o f  g r o w t h  f o r  e a c h  v a r i e t y .  The p o s i t i o n  o f  t h e  
maximum i s  n o t  so c l e a r - c u t  i n  T a b l e s  8 a n d  9 ,  a s  i n  
T a b l e  7 ,  b u t  t h e  s t a t e m e n t  g i v e n  a b o v e  s t i l l  h o l d s  
g o o d .
The maximum c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  
i n  t h e  t u b e r s  i s  f o l l o w e d  by  a s h a r p  f a l l  a s  t h e
h a u l m s  r i p e n  a n d  d i e  down.  The l e a v e s  a t  a l l  s t a g e s  
i n  t h e  g r o w t h  h a v e  a  much h i g h e r  c o n c e n t r a t i o n  o f  
a s c o r b i c  a c i d  t h a n  t h e  t u b e r s .  T h i s  l e a d s  t o  t h e  
v i e w  t h a t  t h e  a s c o r b i c  a c i d  i s  s y n t h e s i s e d  i n  t h e  
l e a v e s  o r ,  a t  a n y  r a t e ,  i n  t h e  l e a v e s ,  we h a v e  t h e  
s o u r c e  o f  a s c o r b i c  a c i d  i n  t h e  p l a n t ,  and t h e  t u b e r  i s  
o n l y  a  s t o r a g e  o r g a n  f o r  t h i s  s u b s t a n c e .  T h i s  
s u b j e c t  o f  t h e  s o u r c e  o f  t h e  a s c o r b i c  a c i d  w i l l  be  
g o n e  i n t o  m ore  f u l l y  l a t e r ,  h o w e v e r .
D i s t r i b u t i o n  o f  A s c o r b i c  A c i d  i n  t h e  P o t a t o  T u b e r .
The  f o l l o w i n g  e x p e r i m e n t s  w e r e  u n d e r t a k e n  
when t h e  d i s t r i b u t i o n  o f  t h e  a s c o r b i c  a c i d  b e t w e e n  
t u b e r  a n d  s p r o u t  was  b e i n g  e x a m i n e d .  I n  t h e  f i r s t  
i n s t a n c e ,  v a r i o u s  s e c t i o n s  o f  t h e  o u t e r  l a y e r  w e r e  
e x a m i n e d .  T h e s e  w e r e  a b o u t  1 / 8  i n c h  t h i c k ,  and w e re  
c u t  a s  shown i n  t h e  a c c o m p a n y i n g  s k e t c h .
3 9 .
The  t i s s u e  was  w e i g h e d  and p u l p e d  w i t h  
t r i c h l o r a c e t i c  a c i d  and  s an d  i n  t h e  u s u a l  m a n n e r ,  
a n d  t h e  a s c o r b i c  a c i d  c o n t e n t  d e t e r m i n e d  a s  mg. p e r  
100 g .  t i s s u e  f r e s h - w e i g h t .  The r e s u l t s  a r e  g i v e n  i n  
T a b l e  1 0 .
4 0 .
A s c o r b i c  a c i d  c o n t e n t  i n  mg. p e r  100 g .  f r e s h - w e i g h t  
o f  s e c t i o n s  o f  t h e  o u t e r  l a y e r  o f  t h e  p o t a t o  t u b e r .
T a b l e  1 0 .
S e c t i o n  A s c o r b i c  A c id  C o n t e n t
1 6 . 7
2 7 . 7
5 6 . 5
The i n t e r n a l  t i s s u e  o f  t h e  t u b e r  was  n e x t  
e x a m i n e d .  T o r  t h i s  p u r p o s e ,  c o r e s  w e r e  t a k e n  i n  t h e  
n o r m a l  m a n n e r  a n d  c u t  i n t o  s e c t i o n s ,  a s  shown i n  t h e  
s k e t c h .
T h e  a s c o r b i c  a c i d  c o n t e n t  o f  t h e s e  s e c t i o n s  
w as  d e t e r m i n e d  s e p a r a t e l y ,  and  i s  e x p r e s s e d  a s  mg. p e r  
100 g .  f r e s h - w e i g h t .  The r e s u l t s  a r e  g i v e n  i n  
T a b l e  10 a .
T a b l e  10 a .
a s c o r b i c  a c i d  c o n t e n t  i n  mg. p e r  100 g .  f r e s h - w e i g h t  
o f  s e c t i o n s  o f  c o r e s  f r o m  t h e  i n t e r n a l  t i s s u e .
S e c t i o n  A s c o r b i c  A c i d  C o n t e n t
1 .  1 0 . 4
2 .  8 . 5
3 .  8 . 5
4 .  9 . 1
T h i s  seem ed  t o  g i v e  a n  i n d i c a t i o n  o f  a  
g r a d i e n t  i n  t h e  c e n t r a l  c o r e ,  so i t  was  d e c i d e d  t o  
i n v e s t i g a t e  t h i s  f u r t h e r .  F o r  t h i s  p u r p o s e ,  t h e  
c e n t r a l  c o r e  was d i v i d e d  i n t o  s i x  p o r t i o n s  a s  shown,  
w h i c h  w e r e  p u l p e d  i n  t h e  u s u a l  m a n n e r .  The r e s u l t s  
a r e  g i v e n  i n  T a b l e  10 b .
4 1 .
T a b l e  10  b .
A s c o r b i c  a c i d  c o n t e n t  i n  mg. p e r  100 g .  f r e s h - w e i g h t  
o f  s e c t i o n s  o f  t h e  c e n t r a l  c o r e .
S e c t i o n  A s c o r b i c  A c id  C o n t e n t
1 . 8 . 1
2 . 7 . 6
3 . 7 . 1
4 . 6 . 8
5 . 5 . 5
6 . 4 . 5
I t  s h o u l d  be n o t e d  t h a t  t h e s e  r e s u l t s  w e r e  
o b t a i n e d  a f t e r  s p r o u t i n g  h a d  b e g u n ,  so t h a t  t h i s  may 
n o t  be t h e  n o r m a l  d i s t r i b u t i o n  i n  t h e  t u b e r .
C o n c l u s i o n .
The c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  a t  t h e  
s u r f a c e  v a r i e s  r a t h e r  i n d e f i n i t e l y ,  b u t  i t  i s
g r e a t e r  a t  t h e  r o s e  t h a n  a t  t h e  h e e l  e n d .  I n  t h e  
d e e p e r  t i s s u e ,  i t  i s  g r e a t e r  a t  t h e  r o s e  a n d  l o w e r  
a t  t h e  h e e l ,  a n d ,  i n  f a c t ,  s eem s  t o  f o l l o w  t h r o u g h  
q u i t e  a  c o n s i s t e n t  g r a d a t i o n .
A s c o r b i c  A c i d  C o n t e n t  w i t h  R e l a t i o n  t o  M a n u r i n g .
F o r  t h e  p u r p o s e  o f  t h i s  e x p e r i m e n t ,  n i n e  
s e p a r a t e  m a n u r i a l  t r e a t m e n t s  w e r e  u s e d ,  a l o n g  w i t h  a  
c o n t r o l ,  t h e  w h o l e  b e i n g  i n  d u p l i c a t e .  The v a r i e t y  
u s e d  w as  R e d s k i n ,  and  was o f  s t o c k  s e e d  s t a n d a r d .  I n  
a d d i t i o n  t o  a  d r e s s i n g  o f  f a r m y a r d  m a n u r e ,  t h e  
f o l l o w i n g  t r e a t m e n t s  w e r e  g i v e n .
P l o t  1 .  A m i x t u r e  o f  Ammonium s u l p h a t e  2 p a r t s
P o t a s s i u m  S u l p h a t e  2 p a r t s
S u p e r p h o s p h a t e  3 p a r t s
A p p l i e d  a t  t h e  r a t e  o f  10 e w t .  p e r  a c r e .
2 .  A m i x t u r e  o f  S u p e r p h o s p h a t e  6 p a r t s
P o t a s s i u m  S u l p h a t e  4 p a r t s
A p p l i e d  a t  t h e  r a t e  o f  10 c w t .  p e r  a c r e .
3 .  A m i x t u r e  o f  Ammonium S u l p h a t e  4 p a r t s
S u p e r p h o s p h a t e  6 p a r t s
A p p l i e d  a t  t h e  r a t e  o f  10 c w t .  p e r  a c r e .
4 .  Ammonium S u l p h a t e  a p p l i e d  a t  10 c w t .  p e r  a c r e .
5 .  A m i x t u r e  o f  P o t a s s i u m  N i t r a t e  4  p a r t s
S u p e r p h o s p h a t e  6 p a r t s
A p p l i e d  a t  t h e  r a t e  o f  10 c w t .  p e r  a c r e .
6 .  P o t a s s i u m  N i t r a t e  a p p l i e d  a t  6 c w t .  p e r  a c r e .
7 .  S u p e r p h o s p h a t e  a p p l i e d  a t  6 c w t .  p e r  a c r e .
8 .  A m i x t u r e  o f  Ammonium S u l p h a t e  3 p a r t s
S u p e r p h o s p h a t e  3 p a r t s
P o t a s s i u m  S u l p h a t e  3 p a r t s
A p p l i e d  a t  t h e  r a t e  o f  10 c w t .  p e r  a c r e .
4 2 .
9 .  A m i x t u r e  o f  Ammonium S u l p h a t e  4  p a r t
P o t a s s i u m  S u l p h a t e  4  p a r t
A p p l i e d  a t  t h e  r a t e  o f  8 c w t .  p e r  a c r e .
1 0 .  C o n t r o l .  No a r t i f i c i a l s .
The t u b e r s  w e r e  h a r v e s t e d  a t  t h e  e n d  o f  
S e p t e m b e r ,  s t o r e d  a t  a  t e m p e r a t u r e  o f  8 - 1 0 °  C. f o r  a  
p e r i o d  o f  t h r e e  w e e k s ,  and t h e  a s c o r b i c  a c i d  c o n t e n t  
d e t e r m i n e d  a s  p r e v i o u s l y  d e s c r i b e d .  T h r e e  
d e t e r m i n a t i o n s  w e r e  made o n  m a t e r i a l  u n d e r  e a c h  
t r e a t m e n t ,  and  t h e  a v e r a g e s  u s e d  f o r  c o m p a r i s o n .
The r e s u l t s  a r e  g i v e n  i n  mg. p e r  100 g .  f r e s h - w e i g h t .
T a b l e  1 1 .
A s c o r b i c  a c i d  c o n t e n t  o f  R e d s k i n  u n d e r  d i f f e r e n t  
m a n u r i a l  t r e a t m e n t s  i n  mg. p e r  100 g .  o f  t i s s u e  
f r e s h - w e i g h t .
T r e a t m e n t  A s c o r b i c  A c i d  C o n t e n t  A v e r a g e
4 3 .
1 .  1 5 . 5  1 3 . 5  1 4 . 3  1 4 . 4 3
2 .  1 9 . 9  1 7 . 0  1 2 . 2  1 6 . 0 7
3 .  1 1 . 9  1 6 . 1  1 7 . 2  1 5 . 0 7
4 .  1 6 . 5  1 3 . 5  1 4 . 3  1 4 . 7 7  Mean
5 .  1 5 . 7  1 6 . 5  1 3 . 9  1 5 . 3 7  1 5 . 3
6 .  1 6 . 0  1 6 . 7  1 3 . 1  1 5 . 2 7
7 .  1 7 . 3  1 7 . 4  1 5 . 3  1 6 . 6 7
8 .  1 4 . 7  1 6 . 5  1 5 . 8  1 5 . 6 7
9 .  1 3 . 5  1 6 . 6  1 3 . 9  1 4 . 6 7
1 0 .  1 5 . 0  1 6 . 8  1 4 . 3  1 5 . 3 7
A t f i r s t  s i g h t ,  t h e  p l o t s  w h ic h  r e c e i v e d  a  
l a r g e  d r e s s i n g  o f  ammonium s u l p h a t e  w o u ld  seem  t o  
g i v e  a  l o w e r  a s c o r b i c  a c i d  c o n t e n t  t h a n  t h e  o t h e r s ,  
h u t  t h e  d i f f e r e n c e  i s  n o t  s u f f i c i e n t  t o  he 
s i g n i f i c a n t .  Y i r t a n e n  ( 1 9 3 6 )  s t a t e s  t h a t  a n  
a d e q u a t e  f e r t i l i s a t i o n  i n c r e a s e s  t h e  p e r c e n t a g e  o f  
v i t a m i n - C .  He f o u n d  t h a t  e x c e s s i v e  c o n c e n t r a t i o n s  
o f  p h o s p h a t e ,  p o t a s s i u m ,  e t c . ,  l o w e r e d  t h e  v i t a m i n - C  
c o n t e n t ,  h u t  t h a t  a n y  a d e q u a t e  f e r t i l i s a t i o n  g a v e  
a n  a l m o s t  c o n s t a n t  v a l u e  f o r  t h e  a s c o r b i c  a c i d  
c o n t e n t .  A p a r t  f r o m  t h e s e  e x t r e m e s ,  no s i g n i f i c a n t  
d i f f e r e n c e s  w e r e  r e p o r t e d .  W a c h h o l d e r  and  N e h r i n g
( 1 9 3 8 )  r e p o r t  t h a t  f a r m y a r d  and  a r t i f i c i a l  m a n u r e s  
g a v e  no  d i f f e r e n c e s  i n  t h e  a s c o r b i c  a c i d  c o n t e n t  i n  
p a r t i c u l a r  v a r i e t i e s  o f  p o t a t o e s .  On t h e  o t h e r  h a n d ,  
I j d o  ( 1 9 3 6 )  m ak es  some r a t h e r  i n t e r e s t i n g  o b s e r v a t i o n s  
o n  t h e  a s c o r b i c  a c i d  c o n t e n t  o f  s p i n a c h .  He 
c o n c l u d e d  t h a t  b o t h  l a r g e r  a m o u n t s  o f  n i t r o g e n  and  
l a r g e r  a m o u n t s  o f  p o t a s s i u m  r e s u l t e d  i n  g r e a t e r  
v i t a m i n - C  c o n t e n t s .  The  v i t a m i n - C  c o n t e n t  i n c r e a s e d  
b u t  l i t t l e  a t  lo w  n i t r o g e n  l e v e l s  and  a s  a  r e s u l t  o f  
t h e  a d d i t i o n  o f  p o t a s s i c  f e r t i l i s e r s ,  w h e r e a s  a t  h i g h  
n i t r o g e n  l e v e l s  a  l a r g e  i n c r e a s e  c o u l d  be o b s e r v e d .
A p o t a s s i u m  d e f i c i e n c y  h a d  t h e  e f f e c t  o f  a  n i t r o g e n  
e x c e s s  and  a  p o t a s s i u m  e x c e s s  a c t e d  l i k e  a  n i t r o g e n  
d e f i c i e n c y .
4 4 .
D e h y d r o a s c o r b i c  A c i d  i n  P o t a t o e s .
I t  h a s  p r e v i o u s l y  b e e n  m e n t i o n e d  t h a t  
a s c o r b i c  a c i d  may e x i s t  i n  t h e  p l a n t  i n  t h e  
r e v e r s i b l y  o x i d i s e d  f o r m  a s  w e l l  a s  t h e  o r d i n a r y  
r e d u c e d  f o r m .  T h i s  h o l d s  good  f o r  t h e  p o t a t o  
t u b e r  a s  w e l l  a s  f o r  o t h e r  p l a n t s .  M cHenry  an d  
Graham  ( 1 9 3 5 )  f o u n d  t h a t ,  i n  c e r t a i n  v e g e t a b l e s ,  
n o t a b l y  l e t t u c e  an d  s t r i n g  b e a n s ,  t h e r e  i s  m ore  
a s c o r b i c  a c i d  p r e s e n t  i n  t h e  r e v e r s i b l y  o x i d i s e d  f o r m  
t h a n  i n  t h e  r e d u c e d  f o r m .  On t h e  o t h e r  h a n d  
t o m a t o e s ,  l e m o n  j u i c e ,  e t c .  a r e  s a i d  t o  h a v e  a l l  t h e i r  
a s c o r b i c  a c i d  i n  t h e  r e d u c e d  f o r m .  H i r s t  and  Z i l v a  
( 1 9 3 3 )  h a v e  sh o w n  t h a t  d e h y d r o a s c o r b i c  a c i d  h a s  a t  
l e a s t  some a n t i s c o r b u t i c  a c t i v i t y  d e s p i t e  i t s  
d i f f e r e n c e  i n  s t r u c t u r e  f r o m  t h e  r e d u c e d  a s c o r b i c  a c i d .  
S t o n e  ( 1 9 3 7 )  d i s c u s s e s  t h e  d e h y d r o a s c o r b i e  a c i d  c o n t e n t  
o f  t h e  p o t a t o  t u b e r .  He shows  t h a t ,  a f t e r  t h e  a c t i o n  
o f  a s c o r b i c  a c i d  o x i d a s e ,  a l m o s t  a l l  t h e  a s c o r b i c  a c i d  
p r e s e n t  i n  t h e  p o t a t o  i s  i n  t h e  r e v e r s i b l y  o x i d i s e d  
f o r m .
F o r  t h e  d e t e r m i n a t i o n  o f  t h e  d e h y d r o a s c o r b i c  
a c i d  i n  t h e  p o t a t o  t u b e r ,  t h e  e x t r a c t i o n  i s  c a r r i e d  
o u t  i n  t h e  sam e  m a n n e r  a s  f o r  t h e  r e d u c e d  a s c o r b i c  
a c i d ,  b u t  b e f o r e  t h e  t i t r a t i o n  w i t h  t h e
2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l ,  t h e  e x t r a c t  m u s t  De 
r e d u c e d  w i t h  HgS an d  t h e  HgS s u b s e q u e n t l y  r e m o v e d  i n  
a  s t r e a m  o f  n i t r o g e n  a s  d e s c r i b e d  o n  p a g e  22
From  p r e v i o u s  w o r k  by  S m i t h  an d  P a t e r s o n  
( 1 9 3 7 )  i t  was  i n d i c a t e d  t h a t ,  a l t h o u g h  i m m e d i a t e l y
4 5 .
a f t e r  l i f t i n g  t h e  a s c o r b i c  a c i d  p r e s e n t  i n  t h e  t u b e r  
w as  a l m o s t  a l l  i n  t h e  r e d u c e d  f o r m ,  i t  was  p o s s i b l e  
t h a t  a  c e r t a i n  p o r t i o n  m i g h t  e x i s t  i n  t h e  r e v e r s i b l y  
o x i d i s e d  f o r m  a f t e r  a  p e r i o d  o f  s t o r a g e .  T h i s  
q u e s t i o n  w a s ,  t h e r e f o r e ,  e x a m i n e d  m ore  f u l l y  and  
i t  h a s  b e e n  f o u n d  t h a t  t h e  am o u n t  o f  d e h y d r o a s c o r b i c  
a c i d ,  a s  m e a s u r e d  by  t h e  H 2 3 - r e d u c t i o n  o f  t h e  e x t r a c t  
d o e s ,  i n  f a c t ,  i n c r e a s e  w i t h  s t o r a g e .
I n  t h e  f i r s t  i n s t a n c e ,  t u b e r s  o f  a  few 
v a r i e t i e s  w e r e  l i f t e d  and t h e  d e h y d r o a s c o r b i c  a c i d  
c o n t e n t  d e t e r m i n e d  a t  o n c e .  T h e s e  r e s u l t s  a r e  
g i v e n  i n  T a b l e  12 a s  mg. p e r  100 g .  o f  t i s s u e  ( f r e s h  
w e i g h t ) ,  and  w e r e  o b t a i n e d  i n  S e p t e m b e r ,  1 9 3 9 .
T a b l e  1 2 .
R e d u c e d  and  T o t a l  ( R e d u c e d  4- R e v e r s i b l y  O x i d i s e d )  
A s c o r b i c  A c i d  i n  T u b e r s  g i v e n  a s  mg. p e r  100 g .  
t i s s u e  ( f r e s h  w e i g h t ) .
V a r i e t y  R e d u c e d  A s c o r b i c  T o t a l  A s c o r b i c
A c i d  A c id
4 6 .
K e r r ' s  P i n k 1 4 . 1 1 4 . 0
R e d s k i n 1 4 . 1 1 4 . 4
M a j e s t i c 1 4 . 4 1 4 . 8
A r r a n  P i l o t 1 6 . 6 1 6 . 2
G r e a t  s c o t 1 7 . 5 1 7 . 3
A r r a n  B a n n e r 2 2 . 3 2 4 . 3
T o t a l s 9 9 . 0 1 0 1 . 0
A v e r a g  e 1 6 . 5 1 6 . 8
T h u s ,  s h o r t l y  a f t e r  h a r v e s t i n g ,  t h e r e  i s ,  o n  t h e  
a v e r a g e  0 . 3  mg. d e h y d r o a s c o r b i c  a c i d  p e r  1 6 . 5  mg. 
a s c o r b i c  a c i d ,  c o r r e s p o n d i n g  t o  1 . 8 % o f  t h e  t o t a l  
a s c o r b i c  a c i d  i n  t h e  t u b e r ,  i n  t h e  r e v e r s i b l y  o x i d i s e d  
f o r m .  The e x p e r i m e n t a l  e r r o r ,  h o w e v e r ,  i s  g r e a t e r  
t h a n  t h e s e  v a l u e s ,  so o n l y  a  v e r y  s m a l l  a m o u n t ,  i f  
a n y ,  o f  t h e  a s c o r b i c  a c i d  w ou ld  a p p e a r  t o  be  i n  t h e  
r e v e r s i b l y  o x i d i s e d  fo r m  a t  t h i s  s t a g e .
From p r e l i m i n a r y  o b s e r v a t i o n s  i t  h a d  b e e n  
f o u n d  t h a t ,  a f t e r  s t o r a g e ,  t h i s  v a l u e  was a l t e r e d  
c o n s i d e r a b l y  so i t  was  d e c i d e d  t o  c h e c k  t h e  
d e h y d r o a s c o r b i c  a c i d  c o n t e n t  a t  i n t e r v a l s  d u r i n g  t h e  
d o r m a n t  s e a s o n .  T h i s  was  done  a f t e r  ( a )  f o u r  w e e k s '
( b )  two m o n t h s ' ( c )  f o u r  m o n t h s ' ( d )  s i x  m o n t h s '  s t o r a g e .  
The  r e s u l t s  a r e  g i v e n  i n  T a b l e  1 3 ,  and  a r e  e x p r e s s e d  
i n  mg. p e r  100  g .  t i s s u e  o n  a  f r e s h  w e i g h t  b a s i s .
B o t h  t h e  r e d u c e d  ( R e d . )  and  t o t a l  ( T o t . )  a s c o r b i c  a c i d  
c o n t e n t s  a r e  g i v e n ,  and t h e  am oun t  o f  d e h y d r o a s c o r b i c  
a c i d  p r e s e n t  i s  g i v e n  by  t h e  d i f f e r e n c e .
B e f o r e  b e i n g  e x a m i n e d ,  t h e  t u b e r s  w e r e  k e p t  
i n  a  d a r k  s t o r e h o u s e  w i t h i n  w h ic h  a n  a l m o s t  c o n s t a n t  
t e m p e r a t u r e  o f  5 °  C. p r e v a i l e d .
The  f i r s t  p a r t  o f  t h e  t a b l e  g i v e s  t h e  
r e s u l t s  g e n e r a l l y ,  w h i l e  t h e  s e c o n d  p a r t  g i v e s  t h e  
r e s u l t s  when s t r i c t l y  c o m p a r a b l e  s e t s  a r e  c o m p a r e d .
I t  s h o u l d ,  p e r h a p s ,  be  e m p h a s i s e d ,  t h a t  t h e  
t u b e r s  e x a m i n e d  o n  l i f t i n g  ( T a b l e  1 2 )  w e re  n o t  f r o m  
t h e  same s o u r c e  a s  t h o s e  u s e d  h e r e  t o  e x a m i n e  t h e  
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C o n c l u s i o n .
A s c o r b i c  a c i d  e x i s t s  i n  t h e  p o t a t o  i n  t h e  
o x i d i s e d  a s  w e l l  a s  i n  t h e  r e d u c e d  f o r m ,  h u t  t h e  
p r o p o r t i o n  w h ic h  e x i s t s  a t  a n y  g i v e n  t i m e  d e p e n d s  
c h i e f l y  on  t h e  p e r i o d  o f  s t o r a g e  o f  t h e  t u b e r s .
J u s t  a f t e r  t h e  t u b e r s  h a v e  b e e n  l i f t e d ,  t h e  p r o p o r t i o n  
i s  s m a l l ,  b u t  i t  i n c r e a s e s  r a p i d l y  d u r i n g  t h e  f i r s t  
month  o f  s t o r a g e  and a f t e r  t h a t ,  t h o u g h  a n  i n c r e a s e  
s t i l l  t a k e s  p l a c e ,  i t  i s  n o t  so r a p i d  a s  a t  t h e  
s t a r t  u n t i l  n e a r  t h e  end o f  t h e  s t o r a g e  p e r i o d  when 
s p r o u t i n g  i s  a c c o m p a n i e d  by  a n o t h e r  l a r g e  i n c r e a s e .
The a c t u a l  i n c r e m e n t  o r  t h e  a c t u a l  
d e h y d r o a s c o r b i c  a c i d  c o n t e n t  i s  w o r t h  n o t i n g .  I t  
w ould  seem t o  be f a i r l y  c o n s t a n t  a f t e r  t h e  f i r s t  
m o n th ,  so t h a t  t h e  p r o p o r t i o n a l  i n c r e a s e  i s  due  
r a t h e r  t o  a  f a l l  i n  t h e  a s c o r b i c  a c i d  c o n t e n t  t h a n  
t o  a n  i n c r e a s e  i n  t h e  a m o u n t  o f  t h e  d e h y d r o a s c o r b i c  
a c i d  p r e s e n t .  The a c t u a l  s o u r c e  o f  t h e  d e h y d r o a s c o r b i c  
a c i d  i s  n o t  known w i t h  c e r t a i n t y ,  b u t  i t  i s  p r o b a b l e  
t h a t  i t  i s  f o r m e d  a t  t h e  e x p e n s e  o f  t h e  r e d u c e d  
f o r m  and i s ,  i t s e l f ,  f u r t h e r  o x i d i s e d  t o  t h e  
i r r e v e r s i b l y  o x i d i s e d  f o r m  a s  t h e  t i m e  o f  s t o r a g e  
i n c r e a s e s .  The  d e h y d r o a s c o r b i c  a c i d  w o u ld  seem  t o  
be i n  e q u i l i b r i u m  w i t h  b o t h  t h e  r e d u c e d  and  t h e  
i r r e v e r s i b l y  o x i d i s e d  a s c o r b i c  a c i d .
A s c o r b i c  A c id  a n d  S t o r a g e .
The e f f e c t  o f  s t o r a g e  o n  t h e  a s c o r b i c  a c i d  
c o n t e n t  c a n  a l s o  be s e e n  f r o m  T a b l e  1 3 .  The 
f o l l o w i n g  T a b l e  i s  a  r e s u m é  o f  t h e  r e s u l t s  o b t a i n e d
4 9 .
f r o m  T a b l e  1 3 ,  a s  f a r  a s  i t  c o n c e r n s  t h e  e f f e c t  o f  
s t o r a g e  o n  t h e  a s c o r b i c  a c i d  c o n t e n t .
T a b l e  1 4 .
A s c o r b i c  A c i d  C o n t e n t  o f  T u b e r s  a f t e r  v a r y i n g  p e r i o d s  
o f  s t o r a g e  e x p r e s s e d  a s  mg. p e r  100 g .  t i s s u e  ( f r e s h  
w e i g h t ) .
S t o r a g e  4  w e ek s  2 m o n t h s  4 m o n th s  6 m o n th s
5 0 *
G e n e r a l  Av. 19 .6 6 1 1 . 2 7 . 7 6 . 6
Av.  o f  6 Y a r s . 1 9 . 2 0 1 1 . 8 7 . 8 5 . 7
Av.  o f  8 V a r s . 1 9 . 7 0 1 1 . 7 - -
Av. o f  10 Y a r s . - 1 1 . 1 7 . 5 6 . 1
Av. o f  16 V a r s . - - 7 . 7 6 . 3
T h u s  we s e e  t h a t t h e  amount  o f  a s c o r b i c a c i d p r e s e n t
a f t e r  s i x  m o n t h s ’ s t o r a g e  i s o n l y  a b o u t o n e - t h i r d  o f
t h a t  p r e s e n t  a f t e r  o n e  m o n t h ’ s s t o r a g e .
I n  a  r e c e n t  p a p e r ,  Z i l v a  and  B a r k e r  (1 9 4 0 )  
w o r k i n g  w i t h  t h e  v a r i e t y  K i n g  Edward  fo u n d  t h a t  t h e  
t i m e  o f  l i f t i n g ,  w i t h  r e s p e c t  t o  m a t u r i t y ,  had  an  
i m p o r t a n t  b e a r i n g  o n  t h e  a s c o r b i c  a c i d  c o n t e n t  d u r i n g  
t h e  s t o r a g e  p e r i o d .  I n  g e n e r a l ,  t u b e r s  l i f t e d  when 
i m m a t u r e ,  h a d  l o w e r  c o n c e n t r a t i o n s  a f t e r  a  p e r i o d  o f  
s t o r a g e  t h a n  t h o s e  a l l o w e d  t o  m a t u r e  n o r m a l l y .  They  
a l s o  r e p o r t  l o s s e s  on  s t o r a g e  s i m i l a r  t o  t h o s e  g i v e n  
a b o v e .
A few w o r k e r s  h a v e  n o t e d  t h e  e f f e c t  o f  
v i r u s  d i s e a s e s  o n  t h e  a s c o r b i c  a c i d  c o n t e n t ,  among 
t h o s e  b e i n g  V i r t a n e n  ( 1 9 3 6 )  and H a u s e n  ( 1 9 3 5 ) .
S m i t h  a n d  P a t e r s o n  ( 1 9 3 7 )  n o t e d  a n  i n c r e a s e  i n  t h e  
a s c o r b i c  a c i d  c o n t e n t  o f  p o t a t o  t u b e r s  w i t h  t h e  
i n c i d e n c e  o f  m o s a i c  a n d  l e a f - r o l l  v i r u s e s .  From a 
p r a c t i c a l  s t a n d p o i n t  s u c h  a n  i n c r e a s e ,  i f  c o n s i s t e n t l y  
r e p r o d u c a b l e ,  w ou ld  h a v e  im m ense  v a l u e  i n  s e p a r a t i n g  
h e a l t h y  f r o m  d i s e a s e d  s t o c k .
The f o l l o w i n g  work  was  c a r r i e d  o u t  i n  o r d e r  
t o  f i n d  i f  s u c h  d i f f e r e n c e s  d i d  e x i s t ,  a n d  i f  s o ,  
w h e t h e r  t h e y  w e r e  c o n s t a n t .  The g r e a t e s t  d i f f i c u l t y  
o f  t h i s  t y p e  o f  work i s  t h e  o b t a i n i n g  o f  t u b e r s  
g u a r a n t e e d  f r e e  f r o m  i n f e c t i o n  o r ,  a t  l e a s t ,  t u b e r s  
i n f e c t e d  w i t h  known v i r u s e s .  T h i s  c a n  o n l y  be d o n e  
a f t e r  p r o l o n g e d  g r a f t i n g  e x p e r i m e n t s ,  and  o n l y  i n  a  
few c a s e s  was t e s t e d  m a t e r i a l  a c t u a l l y  u s e d  i n  t h e  
p r e s e n t  i n s t a n c e .  F o r  t h e  m o s t  p a r t ,  s t o c k s  p l a c e d  
i n  t h e  S t o c k  S e e d  c a t e g o r i e s  w e r e  t a k e n  a s  h e a l t h y  
m a t e r i a l ,  and  t h e  i n f e c t e d  m a t e r i a l  was  p i c k e d  f r o m  
m a t e r i a l  w h ic h  see m e d  i n  t h e  f i e l d  t o  be d i s e a s e d .  
P r e v i o u s  work  d o n e  b y  S m i t h  and P a t e r s o n  ( 1 9 3 7 )  had  
b e e n  c a r r i e d  o u t  u s i n g  a  q u i c k  e x t r a c t i o n  m e t h o d ,  and  
f o r  t h e  p r e s e n t  i n v e s t i g a t i o n  i t  was  d e c i d e d  t o  c a r r y  
out.  f i r s t  t h e  f u l l  e x t r a c t i o n  p r o c e s s  t o  s e e  w h e t h e r  
s i m i l a r  r e s u l t s  w e r e  o b t a i n e d .
51»
A s c o r b i c  A c id  and D i s e a s e .
c o n t e n t  o f  s e v e r a l  v a r i e t i e s  a f t e r  v a r y i n g  p e r i o d s  o f
s t o r a g e .  H e a l t h y  ( E . H . )  t u b e r s ,  and t u b e r s  i n f e c t e d  
w i t h  s e v e r e  m o s a i c  ( E . S . M . ) a r e  c o m p a r e d .  The
r e s u l t s  a r e  e x p r e s s e d  a s  mg. p e r  100 g .  t i s s u e  ( f r e s h
w e i g h t ) .
T a b l e  1 5 .
A s c o r b i c  a c i d  C o n t e n t  o f  H e a l t h y  and D i s e a s e d  T u b e r s
5 2 .
T a b l e  15 g i v e s  t h e  r e d u c e d  a s c o r b i c  a c i d
a f t e r  v a r y i n g  p e r i o d s  o f  
100 g .  t i s s u e .
S t o r a g e  1 m o n th
s t o r a g e e x p r e s s e d  a s  
4  m o n t h s
mg. i
V a r i e t y E .H . E .S .M . E .H . E.S.M,
A r r a n  P i l o t 1 8 . 8 2 3 . 3 9 . 8 9 . 5
D u n b a r  C a v a l i e r 1 3 . 9 2 6 . 4 7 . 1 7 . 5
A r r a n  C o n s u l 1 6 . 4 1 6 . 8 4 . 9 5 . 3
G r e a t  S c o t 2 0 . 1 2 1 . 3 8 . 5 8 . 9
K e r r ’ s P i n k 2 2 . 4 2 9 . 8 1 1 . 8 9 . 3
R e d s k i n 2 6 . 7 2 4 . 7 9 . 7 1 0 . 1
M a j e s t i c 1 5 . 4 1 8 . 4 7 . 4 7 . 2
K in g  Edward 2 3 . 4 2 8 . 3 8 . 1 9 . 3
G o ld e n  Wonder 1 9 . 4 1 7 . 5 9 . 8 5 . 7
U p - t o - D a t e 1 9 . 2 2 0 . 6 8 . 5 9 . 9
A r r a n  B a n n e r 1 5 . 0 2 5 . 0 8 . 7 7 . 7
Duke o f  Y ork 2 4 . 0 2 2 . 0 8 . 3 1 1 . 7
G l a d s t o n e 2 2 . 4 1 9 . 3 - -
C a t r i o n a 2 4 . 9 3 1 . 6 - -
Doon S t a r 1 9 . 0 2 1 . 0 7 . 6 6 . 9
A r r a n  C h i e f 1 5 . 4 1 6 . 1 - -
S h a r p e ’ s E x p r e s s 2 4 . 1 2 5 . 2 - -
A f t e r  o n e  m o n t h ’ s  s t o r a g e ,  t h i r t e e n  o u t  o f  
t h e  s e v e n t e e n  v a r i e t i e s  e x a m i n e d  show ed  a n  i n c r e a s e  
i n  t h e  c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i n  t h e  v i r u s  
i n f e c t e d  t u b e r ,  t h e  o t h e r s  showed  a  d e c r e a s e .  A f t e r  
f o u r  m o n t h s ’ s t o r a g e ,  no  d e f i n i t e  c o n c l u s i o n s  c o u l d  
be  d r a w n .  O n ly  s i x  o f  t h e  v a r i e t i e s  showed an  
i n c r e a s e  i n  t h e  a s c o r b i c  a c i d  c o n t e n t  when i n f e c t e d  
w i t h  v i r u s .  T h e s e  r e s u l t s  w e r e  n o t  v e r y  c o n c l u s i v e ,  
so i t  was  d e c i d e d  t o  s e e  w h e t h e r  t h e  t o t a l  a s c o r b i c  
a c i d  c o n t e n t  o f  t h e  t u b e r s  w o u ld  g i v e  m ore  c o n s i s t e n t  
r e s u l t s .  T h e s e  r e s u l t s  a r e  g i v e n  i n  T a b l e  16 a s  
mg. p e r  100 g .  o f  t i s s u e  ( f r e s h  w e i g h t ) .
5 3 .
T o t a l  A s c o r b i c  A c i d  C o n t e n t  o f  H e a l t h y  ( E . H . )  and  
D i s e a s e d  ( E . S . M . )  T u b e r s  a f t e r  v a r y i n g  p e r i o d s  o f  
s t o r a g e  e x p r e s s e d  a s  mg. p e r  100 g .  t i s s u e  ( f r e s h  
w e i g h t ) .
S t o r a g e  1 month  4  m o n th s
V a r i e t y  E .H . E .S .M .  B .H.  E .S .M .
A r r a n  P i l o t  3 2 . 6  2 8 . 8
D u n b a r  C a v a l i e r  1 7 . 2  2 6 . 5  7 . 9  8 . 0
A r r a n  C o n s u l  1 9 . 3  2 1 . 0  8 . 8  7 . 1
G r e a t  S c o t  2 4 . 4  2 2 . 4
K e r r ’ s P i n k  2 4 . 4  3 1 . 8
R e d s k i n  2 8 . 9  2 5 . 9  1 2 . 6  1 2 . 1
M a j e s t i c  1 8 . 3  2 1 . 3  8 . 9  7 . 9
K in g  Edw ard  2 4 . 5  2 8 . 3  9 . 2  1 4 . 7
G o l d e n  Wonder 2 0 . 0  1 7 . 5  1 1 . 5  9 . 8
U p - t o - D a t e  2 1 . 2  2 4 . 8  1 0 . 2  1 0 . 4
Doon S t a r  -  -  8 . 5  1 1 . 2
Duke o f  Y o rk  -  -  1 0 . 1  1 2 . 9
A r r a n  B a n n e r  -  -  9 . 8  1 1 . 7
T h e  t o t a l  a s c o r b i c  a c i d  c o n t e n t  a f t e r  f o u r  
m o n t h s ’ s t o r a g e  d o e s  n o t  g i v e  a n y  more  c o n s i s t e n t  
r e s u l t s  t h a n  t h e  c o n c e n t r a t i o n  o f  t h e  r e d u c e d  fo r m ,  
and  t h e  r e s u l t s  o f  t h e  d e t e r m i n a t i o n s  a f t e r  o n e  
m o n t h ’ s s t o r a g e  a r e  no  b e t t e r .  The d i s c r e p a n c y  
a f t e r  f o u r  m o n t h s ’ s t o r a g e  m i g h t  be  e x p l a i n e d  by  t h e  
f a c t  t h a t  t h e  m a j o r i t y  o f  t h e  t u b e r s  b y  t h i s  t i m e  a r e  
b e g i n n i n g  to  s p r o u t ,  so t h a t  t h e i r  i n t e r n a l  m e t a b o l i s m
5 4 .
T a b l e  1 6 .
w ould  b e  a c t i v e ,  b u t  t h i s  d o e s  n o t  e x p l a i n  t h e  
i r r e g u l a r i t y  o f  t h e  r e s u l t s  a f t e r  o n l y  o n e  m o n t h ’ s 
s t o r a g e .
To s e e  i f  a n y  e x p l a n a t i o n  c o u l d  be  f o u n d ,  i t  
w as  d e c i d e d  t o  go o v e r  t h e  q u i c k  e x t r a c t i o n  m e th o d  
a g a i n  w i t h  t u b e r s  w h ic h  h a d  b e e n  s t o r e d  f o r  a b o u t  o n e  
m o n t h .  H e r e ,  t h e  a c t u a l  " I n d o p h e n o l  v a l u e ” o f  t h e  
t u b e r ' c o r e s  i s  g i v e n ,  t h i s  b e i n g  t h e  v o lu m e  o f  
" I n d o p h e n o l  R e a g e n t ’1 i n  m i l l i l i t r e s  r e q u i r e d  t o  
o x i d i s e  t h e  a s c o r b i c  a c i d  i n  a  t r i c h l o r a c e t i c  a c i d  
e x t r a c t  o f  a  c o n s t a n t  w e i g h t  o f  t u b e r  t i s s u e .
( S e e  p a g e  1 9 ) .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  
a r e  g i v e n  i n  T a b l e  1 7 .
5 5 .
5 6 .
C o m p a r i s o n  o f  t h e  " I n d o p h e n o l  V a l u e s "  o f  c o r e s  o f  
h e a l t h y  t u b e r s  and  t u b e r s  i n f e c t e d  w i t h  s e v e r e  m o s a i c .  
V a r i e t y  " I n d o p h e n o l  V a l u e ” " I n d o p h e n o l  V a l u e "
T a b le  1 7 .
K i n g  Edward
H e a l t h y  
0 . 9 6  m l .
M o sa ic  
1 . 2 1  m l .
K e r r ’ s P i n k 1 . 0 7 1 . 2 7
Doon S t a r 0 . 4 6 0 . 5 1
G r e a t  S c o t 0 . 5 5 0 . 5 5  a
E c l i p s e 0 . 5 5 1 . 0 5
S h a r p e ’ s E x p r e s s 1 . 1 4 1 . 3 7
R e d s k i n 0 . 6 3 0 . 9 1
U p - t o - B a t e 0 . 9 0 1 . 0 4
G o ld e n  Wonder 0 . 6 0 0 . 6 0
A r r a n  C h i e f 0 . 4 5 0 . 5 2
C a t r i o n a 1 . 3 2 1 . 2 7
M a j e s t i c 0 . 4 4 0 . 4 1
A r r a n  B a n n e r 0 . 8 9 0 . 9 4
A r r a n  P i l o t 0 . 7 2 0 . 7 0
D u n b a r  C a v a l i e r 0 . 6 5 0 . 6 1
D i - V e r n o n 0 . 5 6 0 . 8 7
A r r a n  C o n s u l 0 . 4 6 0 . 5 4
A t  f i r s t  s i g h t ,  t h e r e  d o e s  n o t  seem t o  be 
a n y  r e l a t i o n  b e t w e e n  t h e  i n c i d e n c e  o f  t h e  m o s a i c  v i r u s  
a n d  t h e  " I n d o p h e n o l  V a l u e "  o f  t h e  i n f e c t e d  m a t e r i a l ,  
b u t  i f  a l l  t h o s e  v a r i e t i e s  w h ic h  show an  i n c r e a s e  
i n  t h e  t i t r a t i o n  v a l u e  o f  more  t h a n  0 . 1  m l .  a r e  
g r o u p e d  t o g e t h e r  and  t h e  v a r i e t i e s  s h o w i n g  no i n c r e a s e
o r ,  a t  a n y  r a t e ,  an  i n c r e a s e  o f  l e s s  t h a n  0 . 1  m l .
a r e  g r o u p e d  t o g e t h e r ,  an  i n t e r e s t i n g  c o m p a r i s o n  c a n
he m a d e .  To a p p r e c i a t e  t h e  s i g n i f i c a n c e  o f  t h i s
g r o u p i n g ,  i t  i s  n e c e s s a r y  t o  r e f e r  t o  t h e
d i s t r i b u t i o n  o f  c e r t a i n  o f  t h e  v i r u s e s  t h r o u g h  t h e
v a r i o u s  v a r i e t i e s .
S c o t t  ( 1 9 3 8 )  an d  C o ck e rh a m  ( 1 9 3 9 )  h a v e
g r o u p e d  t h e  v a r i e t i e s  a s  f o l l o w s  ; -
Group  1 -  V a r i e t i e s  l e t h a l l y  n e c r o t i c  t o  v i r u s  A 
and v i r u s  X.
Group  2 -  V a r i e t i e s  l e t h a l l y  n e c r o t i c  t o  v i r u s  A 
b u t  n o n - l e t h a l  t o  v i r u s  X.
Group  3 -  V a r i e t i e s  l e t h a l l y  n e c r o t i c  t o  v i r u s  X 
b u t  n o n - l e t h a l  t o  v i r u s  A.
Group  4 -  V a r i e t i e s  n o n - l e t h a l  t o  v i r u s  A and  
v i r u s  X.
P i c k i n g  o u t  t h e  v a r i e t i e s  f o r  w h ic h  
e x p e r i m e n t a l  r e s u l t s  a r e  g i v e n ,  we f i n d  t h a t  t h e  
f o l l o w i n g  v a r i e t i e s  f a l l  i n t o  G ro u p s  1 and  2 .
X in g  E d w ard ,  K e r r ’ s P i n k ,  Boon S t a r ,  G r e a t  S c o t ,  
E c l i p s e ,  S h a r p e ’ s  E x p r e s s ,  R e d s k i n ,  U p - t o - D a t e .
None o f  t h e  common v a r i e t i e s  i s  l e t h a l l y  
n e c r o t i c  t o  v i r u s  X a l o n e ,  and  Group 3 ,  t h e r e f o r e ,  
may be i g n o r e d .  To Group 4 b e l o n g  t h e  v a r i e t i e s  
G o l d e n  V/onder,  A r r a n  C h i e f ,  C a t r i o n a ,  M a j e s t i c ,  
A r r a n  B a n n e r ,  A r r a n  P i l o t ,  D u n b a r  C a v a l i e r ,  
D i - V e r n o n ,  A r r a n  C o n s u l .
Of t h e  v a r i e t i e s  f a l l i n g  i n t o  G ro u p s  1 and  
2 ,  o n l y  Doon S t a r  and G r e a t  S c o t  f a i l  t o  show a 
m a r k e d  i n c r e a s e  i n  t h e  " I n d o p h e n o l  V a l u e "  w i t h  t h e  
i n c i d e n c e  o f  d i s e a s e ,  and i n  Group 4 t h e  o n l y
5 7 .
v a r i e t y  w h ic h  shows a  s i g n i f i c a n t  i n c r e a s e  i s  
D i - V e r n o n .  I n  o t h e r  w o r d s ,  o f  s e v e n t e e n  v a r i e t i e s  
e x a m i n e d ,  o n l y  t h r e e  a r e  e x c e p t i o n s  t o  t h e  g e n e r a l  
b e h a v i o u r  o f  t h e  o t h e r  members  o f  t h e  a b o v e  g r o u p i n g ,  
b a s e d  o n  t h e  d i s t r i b u t i o n  and  t h e  o c c u r r e n c e  o f  
c e r t a i n  o f  t h e  v i r u s e s .
I t  s h o u l d  be n o t e d  t h a t  t h e r e  a r e  s e v e r a l  
f a c t o r s  t o  be b o r n e  i n  mind when c o n s i d e r i n g  t h e s e  
r e s u l t s .  F i r s t l y ,  a l t h o u g h  t h e  h e a l t h  m a t e r i a l  
u s e d  was  o f  S t o c k  S e e d  s t a n d a r d ,  some o f  i t  may h a v e  
c a r r i e d  p r i m a r y  i n f e c t i o n ,  and  s e c o n d l y ,  a s  i t  was  
o b t a i n e d  f r o m  v a r i o u s  g r o w e r s ,  i t  may n o t  a l l  h a v e  
b e e n  l i f t e d  a t  t h e  same t i m e .  B a r k e r  and  Z i l v a  
( 1 9 4 0 )  h a v e  shown t h a t  t h e  t i m e  o f  l i f t i n g  h a s  an  
i m p o r t a n t  b e a r i n g  o n  t h e  c o n c e n t r a t i o n  o f  a s c o r b i c  
a c i d  d u r i n g  t h e  s t o r a g e  p e r i o d ,  and  t h i s  c o u l d  q u i t e  
c o n c e i v a b l y  u p s e t  t h e  v a l u e s ,  s i n c e  t h e  d i f f e r e n c e s  
w h i c h  w e r e  b e i n g  m e a s u r e d  a r e  r e l a t i v e l y  s m a l l .
F u r t h e r ,  t h e  s t i p u l a t e d  i n c r e a s e  o f  0 . 1  m l .  i n  t h e  
" I n d o p h e n o l  V a l u e "  i s  p u r e l y  a r b i t r a r y ,  and  may n o t  
be  g i v i n g  a  t r u e  r e p r e s e n t a t i o n  o f  t h e  d i f f e r e n c e s  
f o u n d .  T h e s e  p o i n t s  w i l l  be  m ore  f u l l y  d e a l t  w i t h  
i n  t h e  g e n e r a l  d i s c u s s i o n .
A f t e r  t h e  r e s u l t s  o f  t h e  p r e c e d i n g  e x p e r i m e n t ,  
i t  was  t h o u g h t  p o s s i b l e  t h a t  p l a n t s  n o t e d  i n  t h e  f i e l d  
t o  be  i n f e c t e d  w i t h  l e a f - r o l l  m i g h t  a l s o  show some 
v a r i e t a l  d i f f e r e n c e s  w i t h  r e g a r d  t o  t h e  i n c r e a s e  i n  
t h e i r  " I n d o p h e n o l  V a l u e "  b e t w e e n  t h e  " h e a l t h y "  and  
" d i s e a s e d "  s t a t e s .  T a b l e  18  g i v e s  t h e  r e s u l t s  
o b t a i n e d .
5 8 .
C o m p a r i s o n  o f  t h e  ” I n d o p h e n o l  Y a l u e s "  o f  c o r e s  o f
h e a l t h y  t u b e r s  and  t u b e r s  i n f e c t e d  w i t h  l e a f - r o l l .
V a r i e t y  ” I n d o p h e n o l  V a l u e ” ’’I n d o p h e n o l  V a l u e ”
H e a l t h y  L e a f - r o l l
5 9 .
T a b l e  1 8 .
K e r r ’ s  P i n k 1 . 0 7  m l . 0 . 9 9
G l a d s t o n e 0 . 9 3 1 . 0 2
E c l i p s e 0 . 5 5 0 . 5 3
M a j e s t i c 0 . 4 4 0 . 3 7
A r r a n  B a n n e r 0 . 8 9 1 . 0 4
Doon S t a r 0 . 4 6 0 . 4 9
T J p - t o - D a t e 0 . 9 0 0 . 9 1
G o l d e n  7fonder 0 . 6 0 0 . 6 7
K i n g  Edward 0 . 9 6 1 . 6 2
R e d s k i n 0 . 6 3 0 . 8 0
Prom t h e  a b o v e  r e s u l t s  no d e f i n i t e  c o n c l u s i o n s  
c a n  b e  d r a w n .  Some o f  t h e  v a r i e t i e s  show a n  i n c r e a s e  
i n  t h e  ’’ I n d o p h e n o l  V a l u e " ,  w h i l e  o t h e r s  show a  
d e c r e a s e .  The o n l y  o n e  s h o w i n g  a  r e a l l y  s i g n i f i c a n t  
i n c r e a s e  i s  K i n g  Edward  w i t h  a n  i n c r e a s e  o f  0 . 6 6  m l .
The n e x t  i s  R e d s k i n  w h ic h  h a s  a  much l o w e r  i n c r e a s e  
o f  0 . 1 7  m l .  I t  i s  w o r t h y  o f  n o t e  t h a t  K i n g  Edward  
i s  t h e  o n l y  o n e  o f  t h e  a b o v e  v a r i e t i e s  f a l l i n g  i n t o  
Group 1 ,  i . e .  i t  i s  t h e  o n l y  o n e  l e t h a l l y  n e c r o t i c  
t o  b o t h  v i r u s  A and  v i r u s  X. W h e t h e r  t h i s  f a c t  i s  o f  
i m p o r t a n c e  o r  n o t ,  c a n n o t  be  d e t e r m i n e d  a t  t h e  p r e s e n t  
j u n c t u r e ,  a s  f u r t h e r  work  w ou ld  r e q u i r e  t o  be c a r r i e d  
o u t  o n  t h e  o t h e r  v a r i e t i e s  c o m p r i s i n g  Group 1 ,  b e f o r e
a n y  g e n e r a l i s a t i o n  c o u l d  be m ade ,  b u t  i t  w ou ld  seera
r a t h e r  s t r a n g e  t h a t  t h e  o n l y  v a r i e t y ,  o f  t h e  t e n  
e x a m i n e d ,  w h i c h  i s  i r r e g u l a r ,  s h o u l d  b e l o n g  t o  t h i s  
g r o u p .
6 0 .
D i s t r i b u t i o n  o f  A s c o r b i c  A c i d  I n  T U b e rs  
Grown i n  L i g h t  and D a r k .
F o r  t h e  i n v e s t i g a t i o n  o f  t h i s  f e a t u r e ,  
a b o u t  t w e l v e  t u b e r s  o f  e a c h  o f  t h e  f o l l o w i n g  
v a r i e t i e s  w e re  p l a c e d  i n  t r a y s  e x p o s e d  t o  t h e  l i g h t ,  
and  a n o t h e r  c o r r e s p o n d i n g  t w e l v e  t u b e r s  w e re  k e p t  i n  
t r a y s  i n  t h e  d a r k .  The v a r i e t i e s  w e re  G o ld e n  Wonder ,  
K in g  E d w a r d ,  G r e a t  S c o t ,  A r r a n  P i l o t .  A f t e r  t h e
t u b e r s  w e r e  s u f f i c i e n t l y  s p r o u t e d ,  s a m p l e s  w e re  
t a k e n  f r o m  t h e  t u b e r s  a s  shown i n  t h e  a c c o m p a n y i n g  
s k e t c h ,  s i x  s a m p l e s  b e i n g  o b t a i n e d  f r o m  e a c h  t u b e r .
6 1 .
A l l  t h e  t i p s ,  s h o o t  c e n t r e s ,  e t c .  f o r  o n e  e x p e r i m e n t a l  
s e t  w e r e  c o m b in e d  f o r  t h e  d e t e r m i n a t i o n  w h ich  was 
c a r r i e d  o u t  i n  t h e  u s u a l  m a n n e r  ( p a g e  20) u s i n g  a n  
a u t o m a t i c  m i c r o - b u r r e t t e  f o r  t h e  s p r o u t  d e t e r m i n a t i o n s  
b e c a u s e  o f  t h e  s m a l l  q u a n t i t i e s  i n v o l v e d .  The  w e i g h t  
o f  e a c h  p o r t i o n  t a k e n  was  n o t e d ,  an d  t h u s  t h e  
c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i n  mg. p e r  100 g .  o f  
t i s s u e  c o u l d  be f o u n d .  The r e s u l t s  a r e  s u m m a r i s e d  
i n  T a b l e  1 9 .
6 2 .
T a b l e  1 9 .
C o m p a r i s o n  o f  t h e  A s c o r b i c  A c id  c o n t e n t s  o f  T u b e r s  
and  S p r o u t s  Grown i n  t h e  L i g h t  and  t h e  D a r k ,  g i v e n  
a s  mg. p e r  100 g .  t i s s u e .
V a r i e t y A s c o r b i c  A c i d C o n t e n t  i n  mg. p e r  100 g .
S e c t i o n  1 . 2 . 3 . 4 . 5 . 6
G o ld e n  Yionder ( L i g h t ) 1 1 . 9 3 1 0 . 4 4 5 . 3 9 8 . 2 8 5 . 9 9 5
( D a r k ) 5 . 8 3 9 . 4 0 7 . 6 8 8 . 2 8 6 . 7 4 6
K in g  Edward ( L i g h t ) 1 2 . 6 3 1 5 . 3 1 1 0 . 7 5 8 . 7 8 6 . 8 6 6
( D a r k ) 9 . 6 4 1 0 . 0 0 1 1 . 0 0 1 0 . 5 0 5 . 1 0 7
G r e a t  S c o t ( L i g h t ) 2 2 . 1 5 1 5 . 6 2 1 1 . 6 7 8 . 8 0 7 . 1 9 6
( D a r k ) 9 . 7 7 1 4 . 6 5 1 0 . 4 2 9 . 7 7 7 . 5 8 7
A r r a n  P i l o t ( L i g h t ) 1 0 . 2 7 1 6 . 6 6 1 2 . 1 8 9 . 1 2 6 . 8 8 5









C o n c l u s i o n .  I n  e v e r y  c a s e ,  when t h e  t u b e r  h a d  b e e n  
e x p o s e d  t o  l i g h t ,  t h e r e  was a n  i n c r e a s e  i n  t h e  
c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  f r o m  t h e  h e e l  end  o f  
t h e  t u b e r  t o  t h e  m i d d l e  o r  t i p  o f  t h e  s p r o u t .  When 
t h e  t u b e r  h a d  s p r o u t e d  i n  t h e  d a r k ,  t h e  c o n c e n t r a t i o n  
g r a d i e n t  was  n o t  so s t e e p  and  n o t  q u i t e  so r e g u l a r ,  
and  t h e  h i g h e s t  c o n c e n t r a t i o n  w a s ,  w i t h  one  e x c e p t i o n ,  
fo u n d  i n  t h e  m i d d l e  o f  t h e  s p r o u t .  The c o n c e n t r a t i o n  
o f  a s c o r b i c  a c i d  i n  a l l  c a s e s  was g r e a t e r  i n  t h e  
m i d d l e  and  t i p  o f  t h o s e  s p r o u t s  e x p o s e d  t o  t h e  l i g h t  
t h a n  i n  t h e  c o r r e s p o n d i n g  p o s i t i o n s  o f  t h o s e  
d e v e l o p e d  i n  t h e  d a r k .  The f o l l o w i n g  t a b l e  o f  
a v e r a g e  v a l u e s  f r o m  T a b l e  19 g i v e s  a  v e r y  good  i d e a  
o f  t h e  n a t u r e  o f  t h e  g r a d i e n t  i n  t u b e r s  g r o w i n g  i n  
l i g h t  and d a r k .
T u b e r  S p r o u t
H e e l  M i d d l e  R o se  B o t t o m  M i d d l e  T i p
L i g h t  6 . 2  6 . 7  8 . 8  1 0 . 0  1 4 . 5  1 4 . 3
D a r k  7 . 7  7 . 1  1 0 . 1  1 1 . 1  1 2 . 5  8 . 8
T h e r e  i s  n o t  s u f f i c i e n t  d a t a  a v a i l a b l e  
h e r e  t o  d e c i d e  w h e t h e r  t h e  o b s e r v e d  d i f f e r e n c e s  a r e  
d u e  t o  t r a n s f e r  o f  a s c o r b i c  a c i d  f r o m  t u b e r  t o  s p r o u t ,  
o r  t o  t h e  s y n t h e s i s  o f  a s c o r b i c  a c i d  i n  t h e  g r o w i n g  
t i p ,  b u t  t h i s  p o i n t  w i l l  be  d e a l t  w i t h  i n  t h e  n e x t  
s e c t i o n  o f  t h e  i n v e s t i g a t i o n .
6 3 .
S o u r c e  o f  A s c o r b i c  A c i d  i n  t h e  G row ing  S p r o u t .
T h i s  i s  a c t u a l l y  a n  e x t e n s i o n  o f  t h e  
p r e v i o u s  p a r t  o f  t h e  i n v e s t i g a t i o n .  E i g h t  t u b e r s  
o f  t h e  f o l l o w i n g  f o u r  v a r i e t i e s  w e r e  w e i g h e d  and 
p l a c e d  i n  t r a y s  e x p o s e d  t o  t h e  l i g h t ,  an d  a 
c o r r e s p o n d i n g  s e t  o f  t u b e r s  w e r e  w e i g h e d  and  k e p t  i n  
t h e  d a r k .  The v a r i e t i e s  w e r e  G r e a t  S c o t ,  K i n g  
E d w a rd ,  G o l d e n  W onder ,  R e d s k i n .  A t  t h e  s t a r t  o f  
t h e  e x p e r i m e n t ,  t h e  a s c o r b i c  a c i d  c o n t e n t  o f  t h e  
f o u r  v a r i e t i e s  was  d e t e r m i n e d ,  and  f r o m  t h i s  v a l u e  
t h e  t o t a l  a m o u n t  o f  a s c o r b i c  a c i d  i n  e a c h  t u b e r  was  
f o u n d .  A f t e r  t h e  t u b e r s  had  s p r o u t e d  s u f f i c i e n t l y ,  
t h e  s p r o u t s  o f  e a c h  t u b e r  w e r e  c u t  o f f ,  w e i g h e d  and 
t h e  a s c o r b i c  a c i d  c o n t e n t  d e t e r m i n e d .  The t u b e r s  
w e r e  a l s o  w e i g h e d  a n d  t h e i r  a s c o r b i c  a c i d  c o n t e n t  
d e t e r m i n e d .  From t h i s  i t  was  p o s s i b l e  t o  c a l c u l a t e  
how much a s c o r b i c  a c i d  h a d  b e e n  l o s t  f r o m  t h e  t u b e r  
s i n c e  s p r o u t i n g  h a d  b e g u n .  Knowing  t h e  amount  
p r e s e n t  i n  t h e  s p r o u t s  o b t a i n e d  f r o m  t h e  w e i g h e d  
t u b e r ,  i t  i s  t h u s  p o s s i b l e  t o  s e e  w h e t h e r ,  o r  n o t ,  
a n y  a s c o r b i c  a c i d  h a s  b e e n  s y n t h e s i s e d .  The 
r e s u l t s  a r e  g i v e n  i n  T a b l e  2 0 ,  S e c t i o n  A. a n d  w e r e  
o b t a i n e d  a f t e r  t h e  t u b e r s  h a d  b e e n  a l l o w e d  t o  s p r o u t  
f o r  a p p r o x i m a t e l y  12 w e e k s .  I n  S e c t i o n  B. o f  T a b l e  
2 0 ,  t h e  c o r r e s p o n d i n g  v a l u e s  a r e  g i v e n  f o r  t h e  t o t a l  
a s c o r b i c  a c i d ,  i . e .  r e d u c e d +  r e v e r s i b l y  o x i d i s e d  
a s c o r b i c  a c i d ,  i n  o n e  v a r i e t y ,  R e d s k i n .
6 4 .
C o m p a r i s o n  o f  t h e  A s c o r b i c  A c id  c o n t e n t s  o f  T u b e r s  
and  S p r o u t s  g ro w n  i n  t h e  L i g h t  and  i n  t h e  D a r k ,  
s h o w i n g  t h e  l o s s  o f  a s c o r b i c  a c i d  s i n c e  s p r o u t i n g  
b e g a n .
6 5 .
T a b l e  3 0 .
A.
V a r i e t y T u b e r  1 4 / 2 / 4 0  T u b e r  6 / 5 / 4 0  D i f f .  S p r o u t  6 / 5 / 4 0
i n
W. C. w. W. C. w. V i t . C W. C. w.
G r e a t S c o t
L i g h t 1 500 10.6 5 1 . 8 256 9 . 9 2 5 . 5 6 . 5 6 . 9 4 2 0 . 9 1 . 4 5
2 200 10.6 2 1.2 165 9 . 9 1 6 . 5 4 . 9 5 . 8 5 22.6 1 . 5 2
D a r k 1 258 10.6 2 7 . 5 17 4 9 . 2 1 6 . 0 1 1 . 5 5 5 . 0 0 6.2 2 . 1 8
2 296 10.6 5 1 . 4 212 9 . 9 21.0 1 0 . 4 5 5 . 0 0 7 . 5 2 . 4 0
K i n g  Sdw ard  
L i g h t
D a r k
G o l d e n  Wonder 
L i g h t
D a r k
R e d s k i n
L i g h t
D a r k
B.
R e d s k i n
L i g h t
D a r k
1 222 7 . 4 1 6 . 4 185 6 . 4 1 1 .8 4 . 6 5 . 4 0 2 8 . 5 0 . 9 7
2 1 81 7 . 4 1 5 . 4 150 6 . 5 1 0 . 5 5 . 1 2 . 8 1 2 8 . 1 0 . 7 9
1 198 7 . 4 1 4 . 7 165 7 . 4 1 2 .1 2.6 7 . 5 7 1 1 . 9 0.88
2 168 7 . 4 1 2 . 4 140 8 . 4 1 1 .8 0.6 5 . 0 9 1 7 . 5 0.88
1 225 9 . 8 2 2 .1 180 9 . 1 1 6 . 4 5 . 7 4 . 4 1 22.0 0 . 9 7
2 147 9 . 8 1 4 . 4 102 9 . 2 9 . 4 5 . 0 2 . 2 7 1 9 . 4 0 . 4 4
1 225 9 . 8 2 2 .1 166 8.2 1 5 . 6 8 . 5 1 5 . 8 0 8 . 5 1 . 1 4
2 160 9 . 8 1 5 . 7 115 8.6 9 . 9 5 . 8 1 1 . 5 5 9 . 2 1 . 0 4
1 210 1 1 . 0 2 2 .1 172 1 1 . 0 1 8 . 9 5 . 5 4 . 0 4 22.8 0 . 9 2
2 259 1 1 . 0 2 8 . 5 204 10.6 21.6 6 . 9 4 . 6 7 1 8 . 9 0.88
1 220 1 1 . 0 2 4 . 2 140 8 . 9 1 2 . 5 1 1 . 7 1 6 . 4 0 7 . 0 1 . 1 4
2 212 1 1 . 0 2 5 . 5 140 10.6 1 4 . 8 8 . 5 2 1 . 5 0 8 . 5 1 . 8 1
1 210 1 5 . 8 2 9 . 0 172 1 2 . 7 2 1 . 9 7 . 1 4 . 0 4 5 7 . 1 1 . 5 0
2 259 1 5 . 8 5 5 . 7 20 4 1 2 . 4 2 5 . 5 1 0 . 4 4 . 6 7 5 2 . 1 1 . 5 0
1 220 1 5 . 8 5 0 . 1 140 1 1 . 5 1 5 . 8 1 4 . 5 1 6 . 4 0 1 1 . 5 1 . 8 5
2 212 1 5 . 8 2 9 . 5 140 9 . 2 1 2 . 9 1 6 . 4 2 1 . 5 0 1 4 . 6 5 . 1 2
L o s s
o f
V i t . C
-  5 . 0
-  5 . 6
-  9 . 1
-  8 . 0
-  5 . 6
-  2 . 5
-  1 . 7  
i  0 . 5
-  4 . 7
-  4 . 6
-  7 . 4
-  4 . 8
-  2 . 4
-  6 .0
- 1 0 . 6  
-  6 . 7
-  5 . 6
-  8 . 9  
- 1 2 . 4  
- 1 5 . 5
w h e r e  W. = T o t a l  w e i g h t  o f  t i s s u e .
C. = C one ,  o f  a s c o r b i c  a c i d  i n  mg. p e r  100 g .  t i s s u e .
w. = T o t a l  w e i g h t  o f  a s c o r b i c  a c i d  p r e s e n t  i n  t i s s u e  i h  mg.
C o n c l u s i o n .  The  r e s u l t s  o b t a i n e d  h e r e  b e a r  o u t  t h e  
c o n c l u s i o n s  d r a w n  f r o m  T a b l e  19 t h a t  t h e r e  i s  a  
g r e a t e r  c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i n  s p r o u t s  
g ro w n  i n  t h e  l i g h t  t h a n  i n  s p r o u t s  g ro w n  i n  t h e  
d a r k .  The a c t u a l  w e i g h t  o f  a s c o r b i c  a c i d  p r e s e n t  
i n  t h e  s p r o u t s  g ro w n  i n  t h e  d a r k  i s ,  h o w e v e r ,  g r e a t e r  
d u e  t o  t h e  g r e a t e r  w e i g h t  o f  s p r o u t  t i s s u e .  O v e r  
t h e  t h r e e  m o n t h s  d u r i n g  w h i c h  s p r o u t i n g  h a s  b e e n  
g o i n g  o n ,  t h e r e  h a s  b e e n  a  n e t  l o s s  o f  a s c o r b i c  
a c i d ,  i n d i c a t i n g  t h a t  no  v i t a m i n  C i s  b e i n g  
s y n t h e s i s e d  a t  t h i s  s t a g e  i n  t h e  l i f e - c y c l e .  The 
a s c o r b i c  a c i d ,  t h e r e f o r e ,  m u s t  be  p a s s i n g  f r o m  t h e  
t u b e r  t o  t h e  s p r o u t .  The c o n c e n t r a t i o n  o f  t h e  
a s c o r b i c  a c i d  i n  t h e  s p r o u t s  g row n i n  t h e  l i g h t  i s  
much g r e a t e r  t h a n  i n  t h e  s p r o u t s  g row n i n  t h e  d a r k .  
T h i s  may be b e c a u s e  o f  t h e  i n c r e a s e d  a r e a  o f  
r e s p i r a t i o n  i n  t h e  e t i o l a t e d  s p r o u t s  c a u s i n g  m ore  
v i t a m i n  C t h a n  n o r m a l  t o  be  u s e d  i n  p l a n t  p r o c e s s e s .
The e x c e p t i o n a l l y  g r e a t  l o s s e s  i n  t o t a l  
a s c o r b i c  a c i d  a r e  w o r t h  n o t i n g .  T h e s e  a r e  p r o b a b l y  
e x p l a i n e d  by t h e  f a c t  t h a t  t h e r e  a p p e a r s  t o  be l e s s  
d e h y d r o a s c o r b i c  a c i d  i n  t h e  s p r o u t e d  t u b e r ,  s i n c e  no 
e x c e p t i o n a l  d i f f e r e n c e s  a r e  t o  be  f o u n d  i n  t h e  
a m o u n t s  o f  t h e  r e d u c e d  f o r m .
6 6 .
6 7 .
A s c o r b i c  A c id  O x i d a s e .
T h e r e  was  a  p o s s i b i l i t y  t h a t  a l l  t h e  
r e d u c i n g  v a l u e  f o u n d  i n  t h e  t u b e r  t i s s u e  m i g h t  n o t  
be  due  t o  a s c o r b i c  a c i d .  The i n c r e a s e s  i n  t h e  
i n d o p h e n o l  t i t r a t i o n  w i t h  d i s e a s e d  m a t e r i a l  may be 
d u e  t o  t h e  p r e s e n c e  o f  some o t h e r  i n d o p h e n o l  r e d u c i n g  
s u b s t a n c e  o t h e r  t h a n  a s c o r b i c  a c i d .
S t u d i e s  i n  t h e  e n z y m i c  d e t e r m i n a t i o n  o f  
a s c o r b i c  a c i d  w e r e  b e g u n  b y  S z e n t - G y b ’r g y i  ( 1 9 2 8 )  who 
c o n c l u d e d  t h a t  t h e  o x i d a t i o n  o f  a s c o r b i c  a c i d  b y  
p l a n t  t i s s u e s  was  d u e  t o  p e r o x i d a s e  a c t i n g  t h r o u g h  
t h e  i n t e r m e d i a r y  o f  a  p h e n o l i c  compound, t h e  p h e n o l  
b e i n g  f i r s t  o x i d i s e d  b y  p e r o x i d a s e  t o  t h e  q u i n o n e  w h i c h ,  
i n  t u r n ,  o x i d i s e d  t h e  a s c o r b i c  a c i d  p r e s u m a b l y  w i t h o u t  
t h e  i n t e r v e n t i o n  o f  a  s e c o n d  en zy m e .  L a t e r ,
( 1 9 3 0 ,  1 9 3 1 )  h e  m o d i f i e d  t h i s  v i e w  and p o s t u l a t e d  t h e  
e x i s t e n c e  o f  a  s p e c i f i c  " h e x o x i d a s e "  w h i c h  was  
r e s p o n s i b l e  f o r  t h e  o x i d a t i o n  o f  t h e  a s c o r b i c  a c i d .
Z i l v a  ( 1 9 3 4 )  show ed  t h a t  a p p l e s  c o n t a i n e d  a n  enzym e,  
d i s t i n c t  f r o m  and  u n c o n n e c t e d  w i t h  p e r o x i d a s e  w h ic h  
was  c a p a b l e  o f  r e v e r s i b l y  o x i d i s i n g  v i t a m i n  C, and  
w h i c h  h e  c o n s i d e r e d  t o  be s i m i l a r  i n  n a t u r e  t o  
S z e n t - G y b r g y i * s  h e x o x i d a s e .
The  i n d o p h e n o l  t i t r a t i o n  m e th o d  f o r  t h e  
d e t e r m i n a t i o n  o f  v i t a m i n  C i s  a t  b e s t  o n l y  a p p r o x i m a t e  
f o r  t h e  m e th o d  a s s u m e s  i n  g e n e r a l ,  t h a t  t h e  o n l y  
s u b s t a n c e  p r e s e n t  i n  t h e  t i s s u e s  w i t h  a  r e d u c t i o n  
p o t e n t i a l  l o w e r  t h a n  t h a t  o f  2 , 6- d i c h l o r o p h e n o l i n d o p h e n o l ,  
i s  a s c o r b i c  a c i d .  The c a p a c i t y  o f  t h e  t i s s u e s  t o  
r e d u c e  t h e  i n d i c a t o r  i s  t a k e n  t o  r e p r e s e n t  t h e i r
T a u b e r  a n d  K l e i n e r  ( 1 9 3 5 )  w e r e  t h e  f i r s t  t o  
u s e  a s c o r b i c  a c i d  o x i d a s e  f o r  e s t i m a t i n g  i t s  
s u b s t r a t e  i n  n a t u r a l  s o u r c e s ,  a n d  t h e i r  m e th o d  h a s  
b e e n  p e r f e c t e d  by  S r i n i v a s a n  ( 1 9 3 7 ) .
A s c o r b i c  a c i d  o x i d a s e  i s  w i d e l y  d i s t r i b u t e d  
i n  n a t u r e ,  and  i t  i s  b e i n g  i n c r e a s i n g l y  u s e d  f o r  
t h e  d e t e r m i n a t i o n  o f  a s c o r b i c  a c i d  i n  b i o l o g i c a l  
m a t e r i a l .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  o x i d a s e  
was  p r e p a r e d  f r o m  p o t a t o e s  a c c o r d i n g  t o  t h e  m e thod  
u s e d  by S r i n i v a s a n  ( 1 9 3 6 )  w i t h  s e v e r a l  m i n o r  
m o d i f i c a t i o n s .
P r e p a r a t i o n  o f  t h e  Knzyme.
A b o u t  8 0 0 - 1 0 0 0  g .  o f  w a s h e d  a n d  d r i e d  t u b e r s  
w e r e  p a s s e d  t w i c e  t h r o u g h  a  m i n c e r ,  and  t h e  j u i c e  
p r e s s e d  o u t  f r o m  t h e  r e s u l t i n g  p u l p .  Due t o  t h e  
a c t i o n  o f  t h e  t y r o s i n a s e  p r e s e n t ,  t h e  p u l p  g r a d u a l l y  
t u r n e d  b ro w n  d u e  t o  t h e  f o r m a t i o n  o f  m e l a n i n .  The 
e x t r a c t  was  c e n t r i f u g e d  a t  3500 r . p . m .  f o r  20 m i n s .  
t o  d e p o s i t  a n y  s t a r c h  e t c .  s u s p e n d e d  i n  t h e  l i q u i d .  
G l a c i a l  a c e t i c  a c i d  was  a d d e d  t o  g i v e  a  f i n a l  
c o n c e n t r a t i o n  o f  1% and  t h e  e x t r a c t  p l a c e d  i n  a  
r e f r i g e r a t o r  o v e r n i g h t .  The p r e c i p i t a t e  w h ic h  
s e t t l e d  o u t  was c e n t r i f u g e d  o f f  t h e  n e x t  m o r n i n g ,  
and  t h e  s u p e r n a t a n t  l i q u i d  s a t u r a t e d  w i t h  ammonium 
s u l p h a t e .  The l i q u i d  was  a l l o w e d  t o  s t a n d  
o v e r n i g h t  a n d ,  i n  t h e  m o r n i n g ,  t h e  f i n e  p r e c i p i t a t e  
w h ic h  a p p e a r e d  was  s e p a r a t e d  by  c e n t r i f u g i n g  a t
6 8 .
a s o o r b i c  a b l d  c o n t e n t .
3500 r . p . m .  f o r  30 m i n s .  The p r e c i p i t a t e  was  now 
w a s h e d  w i t h  25 m l .  c o l d  s a t u r a t e d  ammonium s u l p h a t e  
s o l u t i o n  an d  a g a i n  c e n t r i f u g e d .  The p r e c i p i t a t e  
was  n e x t  t a k e n  up  i n  25 m l .  w a t e r  and  t h e  s o l u t i o n  
o n c e  a g a i n  s a t u r a t e d  w i t h  ammonium s u l p h a t e  and 
a l l o w e d  t o  s t a n d  o v e r n i g h t  when i t  was  a g a i n  
c e n t r i f u g e d .  The p r e c i p i t a t e  was now d i s s o l v e d  i n  
25 m l .  w a t e r ,  p u t  i n t o  a  c e l l o p h a n e  b a g  f r o m  w h ic h  
t h e  i n o r g a n i c  s a l t s  w e r e  r e m o v e d  by  d i a l y s i s .  T h i s  
f i n a l  s o l u t i o n  c o n t a i n s  t h e  r e q u i r e d  enzym e ,  and  
t h e  s o l u t i o n  a t  t h i s  s t a g e  i s  u s u a l l y  y e l l o w i s h - b r o w n  
i n  c o l o u r .  The e x a c t  am oun t  o f  enzyme p r e s e n t  was  
n o t  o f  m a j o r  i m p o r t a n c e  s i n c e  i t  was  r e q u i r e d  t o  a c t  
q u a l i t a t i v e l y  w i t h  t h e  a s c o r b i c  a c i d  r a t h e r  t h a n  
q u a n t i t a t i v e l y .
I n  t h e  f i r s t  i n s t a n c e ,  t h e  enzyme was 
i n c u b a t e d  w i t h  a  p u r e  s o l u t i o n  o f  a s c o r b i c  a c i d .
F i v e  m l .  o f  t h e  a s c o r b i c  a c i d  s o l u t i o n  was  p u t  i n t o  
a  s e r i e s  o f  50 m l .  f l a s k s  a l o n g  w i t h  1 m l .  o f  t h e  
enzyme e x t r a c t  o b t a i n e d  a b o v e .  The f l a s k s  w e r e  now 
k e p t  a t  34°  C. f o r  v a r y i n g  p e r i o d s  o f  t i m e ,  a t  t h e  
t h e  end  o f  w h ic h  10 m l .  o f  t r i c h l o r a c e t i c  a c i d  w e re  
a d d e d  t o  s t o p  t h e  enzyme a c t i o n .  The s o l u t i o n s  w e re  
t h e n  t i t r a t e d  w i t h  i n d o p h e n o l  i n  t h e  u s u a l  m a n n e r .
The r e s u l t s  a r e  g i v e n  i n  T a b l e  2 1 .
6 9 .
o f  A s c o r b i c  A c i d  a f t e r  v a r y i n g  p e r i o d s  o f  t i m e .
C o n t r o l  5 m l .  a s c o r b i c  = 1 3 . 2 0  m l .  In d o
a c i d  so I n .
1 m l .  E x t .  + 5 m l .  a s c o r b i c  30 m i n s .  = 1 . 6 0  m l .  In d o
a c i d  s o l n .
1 m l .  E x t .  + 5 m l .  a s c o r b i c  60  m i n s .  -  0 . 2 2  m l .  In d o
a c i d  s o l n .
1 m l .  E x t .  + 5 m l .  a s c o r b i c  90 m i n s .  = 0 . 2 0  m l .  I n d o
a c i d  s o l n .
From t h e s e  r e s u l t s  i t  i s  o b v i o u s  t h a t ,
a f t e r  i n c u b a t i n g  f o r  o n e  h o u r ,  a l l  t h e  a s c o r b i c  a c i d
s ee m s  t o  h a v e  b e e n  u s e d  u p .  I n  t h e  s u c c e e d i n g  
e x p e r i m e n t s ,  a l l  t h e  t e s t s  w e r e  c a r r i e d  o u t  u s i n g  
60 m i n s .  a s  t h e  p e r i o d  o f  i n c u b a t i o n .
When a  t r i c h l o r a c e t i c  a c i d  e x t r a c t  i s  made 
f r o m  a p o t a t o  t u b e r  t h e  pH o f  t h e  r e s u l t i n g  s o l u t i o n  
i s  a b o u t  2 . 5  a n d  i n  t h i s  medium t h e  enzyme i s  
i n a c t i v e .  The o p t im u m  pH f o r  t h e  enzyme r e a c t i o n  i s  
a b o u t  5 . 0  ( S r i n i v a s a n  ( 1 9 3 6 ) ) .  To g e t  t h e  r e q u i r e d  
pH s o d i u m  c a r b o n a t e  s o l u t i o n  o f  a  s t r e n g t h  o f  4 g .  
p e r  1 . was  a d d e d .  N o r m a l l y  1 6 - 1 8  m l .  o f  t h i s  
s o l u t i o n  w e r e  r e q u i r e d ,  g i v i n g  a  f i n a l  vo lum e  o f  
s o l u t i o n  a p p r o a c h i n g  40 m l .
T en  m l .  o f  t h e  e x t r a c t  f r o m  s i x  c o r e s  w e r e  
u s e d  i n  e a c h  d e t e r m i n a t i o n .  No enzyme was  a d d e d  t o  
t h e  c o n t r o l ,  b u t  t h e  s o d iu m  c a r b o n a t e  s o l u t i o n  was 
a d d e d  i n  e v e r y  c a s e .  A f t e r  t h e  i n c u b a t i o n  p e r i o d  
o f  60 m i n s .  10 m l .  o f  2fc t r i c h l o r a c e t i c  a c i d  w e re
7 0 .
T a b le  2 1 .
A c t i o n  o f  A s c o r b i c  A c id  O x id a s e  on  a  p u r e  s o l u t i o n
a d d e d  t o  i n a c t i v a t e  t h e  enzyme a g a i n ,  and  t h e  
i n d o p h e n o l  t i t r a t i o n  c a r r i e d  o u t  i n  t h e  u s u a l  
m a n n e r .  B o th  h e a l t h y  and  d i s e a s e d  m a t e r i a l  was 
e x a m i n e d .  The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  a r e  
g i v e n  i n  T a b l e  2 2 .
T a b l e  2 2 .
7 1 .
E .H .  B .3 .M .
A f t e r  A f t e r
C o n t r o l  I n c u b . C o n t r o l  I n c u b
V a r i e t y  V o l .  I n d o .  V o l .  I n d o . V o l .  i r i d o .  V o l .  I n d o
C a t r i o n a  3 . 8 0  0 . 2 2  3 . 7 2  0 . 2 2
K i n g  S dw ard  2 . 3 0  0 . 2 0  2 . 9 6  0 . 2 2
U p - t o - D a t e  3 . 4 2  0 . 2 4  3 . 5 0  0 . 2 0
M a j e s t i c  1 . 9 5  0 . 1 8  1 . 8 8  0 . 2 0
C o n c l u s i o n .  As f a r  a s  c a n  be j u d g e d  f r o m  t h e  a b o v e  
s e t s  o f  f i g u r e s ,  t h e  w h o le  o f  t h e  i n d o p h e n o l  
t i t r a t i o n  v a l u e ,  b o t h  f o r  h e a l t h y  and d i s e a s e d  
m a t e r i a l ,  s eem s  t o  be d u e  t o  t h e  a s c o r b i c  a c i d  p r e s e n t  
T h i s  o n l y  h o l d s  t r u e ,  o f  c o u r s e ,  i f  t h e  o x i d a s e  i s  
s p e c i f i c  f o r  v i t a m i n  C, an d  d o e s  n o t  o x i d i s e  a n y  
o t h e r  r e d u c i n g  s u b s t a n c e s  p r e s e n t .  The r e s i d u a l  
v a l u e  may,  a t  f i r s t ,  s eem  r a t h e r  l a r g e ,  to o  l a r g e  
i n  f a c t  t o  b e  n e g l e c t e d ,  b u t  when i t  i s  r e m e m b e r e d  
t h a t  t h e  v o lu m e  o f  s o l u t i o n  i s  i n  t h e  n e i g h b o u r h o o d  
o f  40 m l .  t h i s  d o e s  n o t  seem  to o  g r e a t  a  v a l u e  f o r  
t h e  b l a n k  t i t r a t i o n .
I t  i s  e v i d e n t  t h a t  a s c o r b i c  a c i d  i s  p r e s e n t  
i n  t h e  p o t a t o  t u b e r ,  and  t h a t  i t  c a n  be d e t e c t e d  a n d  
e s t i m a t e d  b y  m ean s  o f  t h e  r e d o x  d y e  2 , 6- d i c h l o r o p h e n o l -  
i n d o p h e n o l  u n d e r  c e r t a i n  d e f i n e d  c o n d i t i o n s .  By 
means  o f  t h i s  i n d i c a t o r ,  a  q u a n t i t a t i v e  d e t e r m i n a t i o n  
o f  t h e  a s c o r b i c  a c i d  p r e s e n t  c a n  be  m ade .  The 
c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i s  n o t  by  a n y  m eans  
c o n s t a n t .  I t  v a r i e s  f r o m  t u b e r  t o  t u b e r ,  b u t  
t h e s e  v a r i a t i o n s  a r e  n o t  a s  g r e a t  a s  t h e  v a r i a t i o n s  
c a u s e d  b y  v a r i e t y  o r  d i s e a s e .  Bor  a n y  o n e  v a r i e t y  
o n l y  a n  a v e r a g e  v a l u e  c a n  be  g i v e n  a t  a n y  s p e c i f i c  
t i m e ,  b u t  i n d i v i d u a l  t u b e r s  come so  c l o s e  t o  t h i s  
a v e r a g e  v a l u e  t h a t  t o  a l l  i n t e n t s  and  p u r p o s e s  i t  
r e p r e s e n t s  t h e  v a l u e  f o r  t h a t  v a r i e t y  when h e a l t h y .
The g r e a t e s t  f a c t o r  a f f e c t i n g  t h e  
c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i n  t h e  p o t a t o  t u b e r  
w o u ld  s eem  t o  be  t h e  s t a g e  i n  g r o w t h ,  ( o r  s t o r a g e ) ,  
a t  w h i c h  t h e  d e t e r m i n a t i o n  i s  c a r r i e d  o u t .  The 
c o n t e n t  f o r  a n y  o n e  v a r i e t y  i s  c o n s t a n t l y  c h a n g i n g  
f r o m  m o n th  t o  m o n th ,  so t h a t  t h e  r e s u l t s  o f  
d i f f e r e n t  i n v e s t i g a t o r s  c a n n o t  be r e a d i l y  c o m p a r e d .  
D e s p i t e  t h i s ,  i t  s h o u l d  be  p o s s i b l e  f o r  d i f f e r e n t  
i n v e s t i g a t o r s  t o  show t h e  same o r d e r  f o r  v a r i e t i e s .
F o r  e x a m p l e ,  ( T a b l e  1 3 ) ,  K in g  Sdward  a l w a y s  h a s  a  
h i g h e r  a s c o r b i c  a c i d  c o n t e n t  t h a n  M a j e s t i c .  T h i s  i s  
c o n f i r m e d  by  Z i l v a  and  B a r k e r  ( 1 9 4 0 ) .
B e c a u s e  o f  t h e  d i f f e r e n c e  i n  t h e  a s c o r b i c  
a c i d  c o n c e n t r a t i o n s  o f  d i f f e r e n t  v a r i e t i e s  o f  t u b e r s ,
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D i s c u s s i o n  o f  R e s u l t s .
i t  i s  p o s s i b l e  t o  s e p a r a t e  t u b e r s  o f  s i m i l a r  t u b e r  
c h a r a c t e r i s t i c s .  I n  a c t u a l  p r a c t i c e ,  t h e  n o r m a l  
a p p l i c a t i o n  w o u ld  be t o  i d e n t i f y  two v a r i e t i e s  w i t h  
s i m i l a r  t u b e r  c h a r a c t e r i s t i c s ,  t h e  name o f  o n e ,  o r  
b o t h ,  b e i n g  know n.  F o r  e x a m p l e ,  K i n g  Edward  and  
D u n b a r  C a v a l i e r ,  A r r a n  P i l o t  and  S h a r p e ’ s  E x p r e s s  
c a n  be s e p a r a t e d  i n  t h i s  m a n n e r .  T h i s  m e th o d  may be 
e x t e n d e d ,  s i n c e  a n y  v a r i e t y  w i t h  a  h i g h  v a l u e  c a n  be 
d i s t i n g u i s h e d  f r o m  o n e  w i t h  a  low  v a l u e .  T h e r e  a r e ,  
h o w e v e r ,  l i m i t a t i o n s  t o  t h i s  m e t h o d ,  f o r  i t  w o u ld  b e  
a l m o s t  i m p o s s i b l e  t o  i d e n t i f y ,  w i t h  a n y  g r e a t  a c c u r a c y ,  
a  t u b e r  w h i c h  m i g h t  b e l o n g  t o  a n y  o f  t h e  known 
v a r i e t i e s .  When t r y i n g  t o  i d e n t i f y  a  p a r t i c u l a r  
v a r i e t y ,  i t  w o u ld  a l s o  be n e c e s s a r y  t o  h a v e  a  c o n t r o l  /
j
o f  t u b e r s  o f  t h e  s u s p e c t e d  v a r i e t y  o r  v a r i e t i e s .
T h i s  m i g h t  n o t  a l w a y s  be  s u c c e s s f u l ,  s i n c e  s t o r a g e  
c o n d i t i o n s  m i g h t  n o t  be  t h e  same i n  a l l  c a s e s .
The e f f e c t  o f  d i s e a s e  m u s t  a l s o  b e  t a k e n  i n t o  
a c c o u n t  when t r y i n g  t o  s e p a r a t e  v a r i e t i e s ,  f o r  i t  w i l l  
be s e e n  f r o m  t h e  f o r e g o i n g  r e s u l t s  t h a t ,  i n  c e r t a i n  
v a r i e t i e s ,  v i r u s  d i s e a s e s  a r e  a c c o m p a n i e d  by a n  
i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d .  T h i s  
i n c r e a s e  i n  t h e  a s c o r b i c  a c i d  c o n t e n t  w i t h  t h e  i n c i d e n c e  
o f  d i s e a s e  i s  o f  p r a c t i c a l  i m p o r t a n c e  a l s o .  P o t a t o  
b r e e d e r s  h a v e  b e e n  t r y i n g  f o r  a  l o n g  t i m e  t o  f i n d  a  
s i m p l e  m e t h o d  f o r  t e s t i n g  f o r  t h e  p r e s e n c e  o f  m o s a i c  
d i s e a s e s  and  t h e  a s c o r b i c  a c i d  c o n t e n t  c o u l d  be  u s e d  
f o r  s u c h  a  t e s t  i n  c e r t a i n  c a s e s  e n u m e r a t e d  i n  t h e  
t e x t .
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F o r  t h i s  t e s t ,  h o w e v e r ,  m a t e r i a l  d e f i n i t e l y  
f r e e  f r o m  v i r u s  i s  r e q u i r e d  a s  a  c o n t r o l .  I n  t h e  
p r e s e n t  i n v e s t i g a t i o n ,  t u b e r s  f r o m  S t o c k  S e e d  
c o l l e c t i o n s  w e r e  o c c a s i o n a l l y  f o u n d  t o  g i v e  a  h i g h e r  
a s c o r b i c  a c i d  c o n t e n t  t h a n  t h e  a v e r a g e ,  and  t h e  
i n f e r e n c e  was  t h a t  t h e s e  t u b e r s  w e r e  n o t  f r e e  f r o m  
d i s e a s e .  On t h e  o t h e r  h a n d ,  t u b e r s  s u p p o s e d  t o  
c o n t a i n  m o s a i c  v i r u s ,  i . e .  t u b e r s  o b t a i n e d  f r o m  
p l a n t s  o b s e r v e d  i n  t h e  f i e l d  t o  b e  i n f e c t e d ,  w e re  
e n c o u n t e r e d  w h ic h  g a v e  r e s u l t s  s i m i l a r  t o  t h e  
c o r r e s p o n d i n g  h e a l t h y  t u b e r s .  The r e s u l t s  o b t a i n e d  
w i t h  t h e  v i r u s  i n f e c t e d  m a t e r i a l ,  t h o u g h  r a t h e r  
i r r e g u l a r ,  s eem  t o  b e  due  t o  m ore  t h a n  c h a n c e ,  b u t  no 
d e f i n i t e  s t a t e m e n t  c a n  y e t  b e  made o n  t h i s  s u b j e c t .
I n  c e r t a i n  v a r i e t i e s ,  t h e r e  w ou ld  seem t o  be  a  
c o n n e c t i o n  b e t w e e n  t h e  i n c i d e n c e  o f  t h e  m o s a i c  v i r u s  
and  t h e  c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  i n  t h e  t u b e r .  
C e r t a i n  o f  t h e  i r r e g u l a r i t i e s  i n  t h e  d i f f e r e n c e s  
b e t w e e n  d i s e a s e d  and  h e a l t h y  m a t e r i a l  may be  
e x p l a i n e d  b y  t h e  f a c t  t h a t ,  some o f  t h e  s o - c a l l e d  
h e a l t h y  m a t e r i a l  may n o t  be v i r u s  f r e e ,  o r  by t h e  
e f f e c t  o f  s t o r a g e  w h i c h  h a s  b e e n  shown t o  be  v e r y  
l a r g e .  The a c t u a l  t i m e  o f  h a r v e s t i n g  may a l s o  p l a y  
a n  i m p o r t a n t  p a r t  i n  t h e  f i n a l  c o n c e n t r a t i o n  o f  
a s c o r b i c  a c i d  i n  t h e  t u b e r ,  a s  h a s  b e e n  shown by 
Z i l v a  and  B a r k e r  ( 1 9 4 0 )  f o r  t h e  v a r i e t y  K i n g  E d w a rd .  
From t h e  r e s u l t s ,  i t  w o u ld  s eem  t h a t  a n y  f u r t h e r  
i n v e s t i g a t i o n  i n  t h i s  f i e l d  w o u ld  r e q u i r e  c a r e f u l l y  
c o n t r o l l e d  g l a s s - h o u s e  e x p e r i m e n t s  e x t e n d i n g  o v e r  a  
p e r i o d  o f  a t  l e a s t  t h r e e  y e a r s .
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A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  i n c r e a s e d  
a s c o r b i c  a c i d  c o n t e n t  n o t e d  i s  a s  f o l l o w s .  I n  t h e  
n o r m a l  h e a l t h y  p l a n t  a  c e r t a i n  l e v e l  o f  a s c o r b i c  
a c i d  i s  n e c e s s a r y  f o r  g r o w t h  p r o m o t i n g  p u r p o s e s ,  
a s  i n  t h e  human b o d y .  Any s l i g h t  e x c e s s  o r  
d e f i c i e n c y  i n  t h i s  am o u n t  o n l y  l e a d s  t o  a  s l i g h t  
i n c r e a s e  o r  d e c r e a s e  i n  t h e  g r o w t h  o f  t h e  p l a n t .
When t h e  p l a n t  i s  i n f e c t e d  w i t h  v i r u s  t h e  n o r m a l  
a m o u n t  o f  a s c o r b i c  a c i d  a t t e m p t s  t o  c o u n t e r a c t  t h e  
d i s e a s e ,  b u t  t h e r e  i s  i n s u f f i c i e n t  p r e s e n t  f o r  t h i s  
a s  w e l l  a s  f o r  t h e  n o r m a l  g r o w t h  o f  t h e  p l a n t ,  so 
m ore  o f  t h e  v i t a m i n  i s  s y n t h e s i s e d ,  and  a  
c o n c e n t r a t i o n  g r e a t e r  t h a n  t h a t  n o r m a l l y  f o u n d ,  i s  
s e t  u p .  T h i s  t h e o r y  i s  g i v e n  some s u p p o r t  by  t h e  
f a c t  t h a t  L o j k i n  ( 1 9 3 6 )  show ed  t h a t  p u r e  a s c o r b i c  
a c i d  c o m p l e t e l y  i n a c t i v a t e d  p u r i f i e d  p r e p a r a t i o n s  
o f  t o b a c c o  m o s a i c  v i r u s ,  p r o v i d e d  t h a t  a t m o s p h e r i c  
o x y g e n  was  p r e s e n t .  T h i s  h y p o t h e s i s  may be  a d a p t e d  
t o  g i v e  two c o m p l i m e n t a r y  e x p l a n a t i o n s  f o r  t h e  
g r o u p i n g  o f  t h e  v a r i e t i e s  g i v e n  o n  p a g e  5 7 .
( a )  The l e t h a l  n e c r o s i s  o f  G ro u p s  1 and  2 i s  due  t o  
t h e  i n c r e a s e  o f  t h e  a s c o r b i c  a c i d  t a k i n g  p l a c e  when 
t h e y  a r e  i n f e c t e d  a n d ,  t h e r e f o r e ,  s u c h  a n  i n c r e a s e  
d o e s  n o t  t a k e  p l a c e  i n  t h e  v a r i e t i e s  o f  Group 4 ,  
t h u s  a l l o w i n g  them  t o  be i n f e c t e d .
( b )  The v a r i e t i e s  o f  Group  4  b e i n g  n o n - l e t h a l  t o  
v i r u s  A a r e  a l l  i n f e c t e d  w i t h  t h e  v i r u s  a n d ,  
t h e r e f o r e ,  show n o  i n c r e a s e  i n  t h e  " I n d o p h e n o l  V a l u e ” 
when ”d i s e a s e d ” m a t e r i a l  i s  e x a m i n e d .  I t  s h o u l d
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be  n o t e d  t h a t  a l l  t h e  m a t e r i a l  s eem ed  t o  be " h e a l t h y ” 
o r  " d i s e a s e d ” , a s  t h e  c a s e  may b e .  T h i s  e x p l a n a t i o n  
i m p l i e s  t h e  a s s u m p t i o n  t h a t  v i r u s - f r e e  m a t e r i a l  w o u ld  
g i v e  a  l o w e r  " I n d o p h e n o l  V a l u e ” t h a n  i n f e c t e d  
m a t e r i a l .
The s o u r c e  o f  t h e  e x t r a  a s c o r b i c  a c i d  i n  
t h e  d i s e a s e d  m a t e r i a l  m i g h t  c o n c e i v a b l y  be  i n  a  v i r u s  
p r o t e i n .  W i th  t h e  b r e a k d o w n  o f  t h i s  p r o t e i n ,  
a s c o r b i c  a c i d  m i g h t  be l i b e r a t e d  a s  o n e  o f  t h e  
b y - p r o d u c t s  o f  t h e  r e a c t i o n .  As y e t ,  no e v i d e n c e  
h a s  b e e n  f o r t h c o m i n g  t o  show t h a t  v i t a m i n  C e x i s t s  
i n  a  c o m b in e d  fo r m  i n  t h e  p o t a t o ,  b u t  t h i s ,  and  
o t h e r  s i m i l a r  p o s s i b i l i t i e s ,  m u s t  n o t  be e x c l u d e d .
I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  E idm ann  
( 1 9 4 0 )  h a s  p a t e n t e d  a  m e th o d  w h e r e b y  i t  i s  p o s s i b l e  
t o  s e g r e g a t e  d i s e a s e d  f r o m  so u n d  t u b e r  s e e d l i n g s .  
S l i c e s  o f  t h e  t u b e r  a r e  im m e rs e d  i n  a n  a q u e o u s  
s o l u t i o n  o f  a  s a l t  o f  s e l e n i o u s  a c i d  f o r  2 0 - 3 6  h o u r s  
a t  3 0°  C. The d i f f e r e n t  c o l o u r a t i o n s  p r o d u c e d ,  a r e  
n o t e d .  The d i s e a s e d  s a m p l e s  e v e n t u a l l y  t u r n  a  g r e y  
c o l o u r ,  w h i l e  t h e  h e a l t h y  m a t e r i a l  s t a y s  a t  an  
i n t e r m e d i a t e  p i n k  s t a g e .
The a c t u a l  s o u r c e  o f  t h e  a s c o r b i c  a c i d  i n  
t h e  p l a n t  i s  r a t h e r  o b s c u r e .  I t  may be  a  d i r e c t  
p r o d u c t  o f  p h o t o s y n t h e s i s ,  a  b y - p r o d u c t  o f  
p h o t o s y n t h e s i s  o r  a  d e g r a d a t i o n  p r o d u c t  o f  t h e  
p l a n t ’ s  m e t a b o l i s m .  Some e v i d e n c e  i s  a v a i l a b l e  f r o m  
t h e  d i s t r i b u t i o n  and c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  
t h r o u g h  t h e  p l a n t ' s  l i f e - c y c l e .
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I t  i s  c e r t a i n  t h a t ,  when s p r o u t i n g  b e g i n s ,  
a s c o r b i c  a c i d  i s  t r a v e l l i n g  f r o m  t h e  t u b e r  t o  t h e  
s p r o u t ,  b u t  when t h e  p l a n t  i s  a c t i v e l y  g r o w i n g  i n  
t h e  f i e l d ,  t h e  a s c o r b i c  a c i d  c o n t e n t  o f  t h e  p o r t i o n s  
o f  t h e  p l a n t  a b o v e  g r o u n d  i s  c o n s i d e r a b l y  i n  e x c e s s  
o f  t h a t  o f  t h e  t u b e r s ,  so t h a t  i t  w ou ld  seem  t h a t  i n  
t h e  l e a v e s ,  o r  i n  o t h e r  w o r d s  a t  t h e  s e a t  o f  
p h o t o s y n t h e s i s ,  we h a v e  t h e  s o u r c e  o f  a s c o r b i c  
a c i d .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  w ork  o f  G i r o u d ,  
R a t s i m a m a n g a  and  L e b l o n d  ( 1 9 3 4  & 1 9 3 5 . 2 )  who showed 
t h a t  v i t a m i n  C i s  p r e s e n t  i n  much g r e a t e r  q u a n t i t y  
i n  t h o s e  p a r t s  o f  p l a n t s  e x p o s e d  t o  t h e  l i g h t ,  t h a n  
t h o s e  p a r t s  k e p t  i n  t h e  d a r k ,  i . e .  i n  t h e  a b s e n c e  o f  
c h l o r o p h y l l .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  f o r  
c o m p a r a b l e  p l a n t s  g row n  i n  t h e  l i g h t  and  d a r k ,  and  
t h e s e  w o r k e r s  s u g g e s t  a s  i s  s u g g e s t e d  h e r e ,  t h a t  
c h l o r o p h y l l  i s  n e c e s s a r y  f o r  t h e  s y n t h e s i s  o f  v i t a m i n  
G.
The c o n c e n t r a t i o n  i n  t h e  t u b e r  i s  a t  i t s  
l o w e s t  l e v e l  j u s t  when t h e  i n i t i a l  s p r o u t i n g  s t a g e  
i s  r e a c h e d .  D u r i n g  t h e  g r o w i n g  s e a s o n  t h e  
c o n c e n t r a t i o n  g r a d u a l l y  i n c r e a s e s  i n  t h e  n e w l y  fo r m e d  
t u b e r s  r e a c h i n g  a  maximum j u s t  b e f o r e  m a t u r i t y .  T h i s  
maximum i s  f o l l o w e d  b y  a  d e c r e a s e  t h r o u g h o u t  t h e
d o r m a n t  p e r i o d  u n t i l  t h e  f o l l o w i n g  s e a s o n  when t h e  
w h o l e  p r o c e s s  i s  r e p e a t e d .  S c h e u n e r t  ( 1 9 3 7 )  
f o u n d  t h a t  t h e  c o n c e n t r a t i o n  i n  t h e  t u b e r  was 
h i g h e s t  i m m e d i a t e l y  a f t e r  h a r v e s t i n g .  T h i s  w ou ld  
seem  t o  i n d i c a t e  t h a t  t h e  a s c o r b i c  a c i d  i s  o n l y  
f o r m e d  when t h e  p l a n t  i s  a c t i v e l y  g r o w i n g .
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A n o t h e r  p o i n t  s u p p o r t i n g  t h i s  v i e w  i s  t h e  
v a r i a t i o n  o f  t h e  a s c o r b i c  a c i d  c o n t e n t  o f  t h e  l e a v e s  
d u r i n g  t h e  d a y .  A maximum i s  r e a c h e d  i n  t h e  e a r l y  
f o r e n o o n ,  and  a  min imum t h r o u g h  t h e  n i g h t  w h ic h  
w o u ld  seem  t o  i n d i c a t e  t h a t  t h e  s y n t h e s i s  o f  t h e  
v i t a m i n  i s  d e p e n d e n t  o n  s u n l i g h t .
I n  t h e  e x p e r i m e n t s  w i t h  t u b e r s  s p r o u t i n g  
i n  t h e  l i g h t  and  i n  t h e  d a r k ,  t h e r e  was  much more  
a s c o r b i c  a c i d  p r e s e n t  i n  t h e  s p r o u t s  g row n i n  t h e  
d a r k ,  t h o u g h  t h e  a c t u a l  c o n c e n t r a t i o n  was  l e s s .
The t o t a l  am o u n t  o f  t h e  v i t a m i n  p r e s e n t  i n  t h e  t u b e r  
and  s p r o u t  a f t e r  s p r o u t i n g  f o r  t h r e e  m o n th s  was  
a c t u a l l y  l e s s  t h a n  t h e  a m o u n t  p r e s e n t  when t h e  
e x p e r i m e n t  w as  s t a r t e d .  G row th  was  s t i l l  t a k i n g  
p l a c e  a t  t h e  e x p e n s e  o f  t h e  o l d  t u b e r ,  t h e  
t r a n s i t i o n  s t a g e  when t h e  s h o o t  b e g i n s  t o  be  a b l e  
t o  s y n t h e s i s e  t h e  v i t a m i n  f o r  i t s e l f  n o t  h a v i n g  b e e n  
r e a c h e d .
The  p r o b a b i l i t y  i s  t h a t  t h e  a s c o r b i c  a c i d  i s  
n o t  p r o d u c e d  d i r e c t l y  b y  p h o t o s y n t h e s i s ,  b u t  i s  
d e r i v e d  f r o m  v a r i o u s  s u g a r s  s u c h  a s  x y l o s e ,  g l u c o s e  
o r  s a c c h a r o s e .  A c c o r d i n g  t o  Guha and  Ghosh ( 1 9 3 5 ) ,  
t h e  a d d i t i o n  o f  m a n n o s e  t o  c e r t a i n  p l a n t  and a n i m a l  
t i s s u e s  r e s u l t s  i n  i n c r e a s e d  a s c o r b i c  a c i d  c o n t e n t .  
T h i s  l e n d s  s u p p o r t  t o  t h e  t h e o r y  t h a t  t h e  v i t a m i n  i s  
d e r i v e d  f r o m  s u g a r s  i n  t h e  p r o c e s s  o f  p h o t o s y n t h e s i s ,  
and  i s  n o t  a  d i r e c t  p r o d u c t  t h e r e f r o m .  The a s c o r b i c  
a c i d  i n  t h e  l e a v e s  i s  p r o b a b l y  a  s e c o n d a r y  o r  
i n t e r m e d i a t e  p r o d u c t  f r o m  t h e  s y n t h e s i s  o f  s u g a r s ,  
a n d  i n  t h e  t u b e r  i t  i s  p r o b a b l y  t h e  r e s u l t  o f
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An a l t e r n a t i v e  p o i n t  o f  v i e w  i s  t h a t  t h e  
v i t a m i n  may be  a  d e g r a d a t i o n  p r o d u c t  o f  t h e  
c a r b o h y d r a t e  i n  t h e  t u b e r ,  and  p a s s e s  t o  t h e  l e a v e s  
a c t i n g  a s  a  g r o w t h  p r o m o t e r  t o  h e l p  i n  t h e  p r o c e s s  o f  
p h o t o s y n t h e s i s .  A s c o r b i c  a c i d  h a s  b e e n  shown t o  
o c c u r  i n  c h l o r o p l a s t s  w h e r e  t h e  p h o t o s y n t h e s i s  t a k e s  
p l a c e ,  b u t  t h i s  h y p o t h e s i s  i s  n o t  v e r y  s o u n d ,  s i n c e  
o n l y  t h e  v i t a m i n  f r o m  t h e  p a r e n t  t u b e r  w o u ld  be  
a v a i l a b l e  f o r  t h e  n e w l y  f o r m e d  t u b e r s ,  and  e x p e r i m e n t  
h a s  shown t h a t  t h i s  i s  n o t  s o .
S um m ary .
The i n d o p h e n o l  t i t r a t i o n  v a l u e  h a s  b e e n  
shown t o  g i v e  a  t r u e  r e p r e s e n t a t i o n  o f  t h e  a s c o r b i c  
a c i d  c o n t e n t  o f  t h e  p o t a t o  t u b e r .  F r e e z i n g  
r e s u l t s  i n  a  l o s s  o f  a s c o r b i c  a c i d  f r o m  t h e  t u b e r .
The v i t a m i n  C c o n t e n t  o f  t h e  g r o w i n g  p l a n t  v a r i e s  
c o n s i d e r a b l y  t h r o u g h o u t  t h e  day  and n i g h t ,  and  a l s o  
v a r i e s  i n  t h e  t u b e r  w i t h  t h e  t i m e  o f  s t o r a g e .  The 
a m o u n t  o f  d e h y d r o a s c o r b i c  a c i d  p r e s e n t  r e m a i n s  f a i r l y  
c o n s t a n t  a f t e r  o n e  m o n t h ' s  s t o r a g e  b u t  i n c r e a s e s ,  
r e l a t i v e  t o  r e d u c e d  a s c o r b i c  a c i d ,  a s  t h e  t i m e  o f  
s t o r a g e  l e n g t h e n s .  When s p r o u t i n g  b e g i n s ,  t h e r e  i s  
a  t e n d e n c y  f o r  a  l o c a l  c o n c e n t r a t i o n  o f  a s c o r b i c  a c i d  
t o  be s e t  up a t  t h e  b a s e  o f  t h e  s p r o u t .  M a n u r i n g  
h a s  v e r y  l i t t l e  e f f e c t ,  i f  a n y ,  o n  t h e  v i t a m i n  c o n t e n t  
o f  t h e  t u b e r s .  The i n c i d e n c e  o f  v i r u s  d i s e a s e  
p r o d u c e s ,  i n  many c a s e s ,  a n  i n c r e a s e  i n  t h e  v i t a m i n  C 
c o n t e n t  o f  t h e  t u b e r s ,  an d  s u g g e s t i o n s  a r e  p u t
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t r a n s l o c a t i o n .
f o r w a r d  t o  a c c o u n t  f o r  t h i s .  The  p r o b a b l e  s o u r c e  
o f  t h e  a s c o r b i c  a c i d  i n  t h e  p l a n t  i s  a l s o  d i s c u s s e d .
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R e s p i r a t i o n  o f  P o t a t o  T u b e r s .  
I n t r o d u c t i o n .
The  t e r m  r e s p i r a t i o n  a t  f i r s t  r e f e r r e d  t o  
t h e  e x c h a n g e  o f  g a s e s  b e t w e e n  t h e  o r g a n i s m  and  i t s  
e n v i r o n m e n t ,  b u t  n o w a d a y s  i t  i s  m ore  u s u a l  t o  r e g a r d  
r e s p i r a t i o n  a s  i n v o l v i n g  t h e  w h o le  o f  t h e  k a t a b o l i c  
p r o c e s s .  S a c h s ,  P f e f f e r  and  P a l l a d i n  who l a i d  t h e  
f o u n d a t i o n  o f  a l l  t h e  work  o n  p l a n t  r e s p i r a t i o n ,  a l l  
g a v e  r e s p i r a t i o n  t h i s  w i d e r  m e a n i n g .  When 
r e s p i r a t i o n  i s  so d e f i n e d  i t  b eco m es  a  much more  
f u n d a m e n t a l  p r o p e r t y  t h a n  t h e  m e re  e x c h a n g e  o f  g a s e s  
b e t w e e n  o r g a n i s m  and  e n v i r o n m e n t .  I t  i s  a  p r o p e r t y  
o f  e v e r y  l i v i n g  c e l l  a s  w e l l  a s  o f  t h e  w h o le  
o r g a n i s m .  I t  m u s t  n o t  be f o r g o t t e n ,  h o w e v e r ,  t h a t  
v e r y  few c a s e s  a r e  known i n  w h i c h  r e s p i r a t i o n  d o e s  
n o t  i n v o l v e  a n  e x c h a n g e  o f  g a s e s .  S a u s s u r e  ( 1 7 9 7 )  
made t h e  f i r s t  i n v e s t i g a t i o n s  o f  a  q u a n t i t a t i v e  
c h a r a c t e r  o n  t h e  a m o u n t s  o f  c a r b o n  d i o x i d e  e v o l v e d  
and  o x y g e n  t a k e n  up  by v a r i o u s  t i s s u e s .  A t  t h i s  
p e r i o d  t h e r e  was a  d i f f e r e n t i a t i o n  b e t w e e n  d i u r n a l  
and  n o c t u r n a l  r e s p i r a t i o n ,  and L i e b i g  e v e n  d e n i e d  
t h a t  p l a n t s  r e s p i r e d  i n  a  m a n n e r  c o m p a r a b l e  t o  
a n i m a l s ,  b u t  v on  Mohl ( 1 8 5 1 )  made c l e a r  t h e  
d i f f e r e n c e  b e t w e e n  t h e s e  two t y p e s  o f  g a s e o u s  
e x c h a n g e ,  and f r o m  t h i s  t i m e  o n w a r d s ,  t h e  t e r m  
r e s p i r a t i o n  c e a s e d  t o  be  u s e d  i n  c o n n e c t i o n  w i t h  
t h e  a s s i m i l a t o r y  p r o c e s s .  R e s e a r c h  d a t i n g  f r o m  
t h i s  p e r i o d  h a s  b e e n  mainly c o n c e r n e d  w i t h  t h e
m e c h a n i s m  o f  t h e  p r o c e s s ,  i n v o l v i n g  work  o n  t h e
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n a t u r e  o f  t h e  s u b s t r a t e s ,  t h e  v a r i o u s  s t a g e s  i n  
t h e  r e s p i r a t i o n  p r o c e s s  a n d  i t s  r e l a t i o n  to  t h e  
en zy m es  p r e s e n t  i n  t h e  c e l l .
R e s p i r a t i o n  i n  i t s  commonest f o r m  i m p l i e s  
t h e  o x i d a t i o n  o f  o r g a n i c  m a t e r i a l ,  s u c h  a s  
c a r b o h y d r a t e s  a n d  p r o t e i n s ,  f o r  w h ic h  a  s u p p l y  o f  
o x y g e n  i s  n e c e s s a r y .  T h i s  i s  t h e  a e r o b i c  o r  n o r m a l  
mode o f  r e s p i r a t i o n  o f  p l a n t s ,  and  i s  t h e  o n l y  o n e  
w h ic h  n e e d  c o n c e r n  us  h e r e ,  b u t  a n  e s s e n t i a l  p r o p e r t y  
o f  a l l  r e s p i r a t i o n  i s  t h e  r e l e a s e  o f  e n e r g y .  M ost  o f  
t h i s  e n e r g y  i s  d i s s i p a t e d  i n  t h e  f o r m  o f  h e a t ,  and  
o n l y  a  s m a l l  p r o p o r t i o n  i s  t r a n s f o r m e d  i n t o  m e c h a n i c a l  
o r  c h e m i c a l  e n e r g y .  The r e s p i r a t o r y  p r o c e s s  i s  
n o t  c o n s t a n t  t h r o u g h o u t  t h e  p l a n t  k i n g d o m ,  and  i t s  
e s s e n t i a l  c h a r a c t e r i s t i c  r e l e a s e  o f  e n e r g y  may be 
e f f e c t e d  i n  v a r i o u s  w a y s .  The o u t w a r d  s i g n  o f  t h e  
p r o c e s s  i s  t h e  c o n s u m p t i o n  o f  o x y g e n  and t h e  
e l i m i n a t i o n  o f  c a r b o n  d i o x i d e .  T h e o r e t i c a l l y ,  
r e s p i r a t i o n  c o u l d  be s t u d i e d  q u a n t i t a t i v e l y  by 
d e t e r m i n i n g  e i t h e r  t h e  o x y g e n  c o n s u m p t i o n  o r  t h e  
c a r b o n  d i o x i d e  e v o l u t i o n  o f  t h e  r e s p i r i n g  t i s s u e .
I n  p r a c t i c e ,  t h e  d e t e r m i n a t i o n  o f  o n e  o r  o t h e r  o f  
t h e s e  q u a n t i t i e s  u s u a l l y  f o r m s  t h e  b a s i s  o f  
r e s p i r a t i o n  m e a s u r e m e n t .
I n  t h e  p r e s e n t  s t a t e  o f  b i o c h e m i c a l  
k n o w l e d g e ,  l i t t l e  i s  a c c u r a t e l y  known o f  t h e  
d i f f e r e n c e s  i n  r e s p i r a t i o n  b e t w e e n  v a r i o u s  t y p e s  o f  
c e l l s ,  and  much l e s s  o f  t h e  r e s p i r a t i o n  o f  o n e  p a r t  
a s  c o n t r a s t e d  w i t h  a n o t h e r  p a r t  o f  t h e  same c e l l .
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T h u s ,  a n y  d i s c u s s i o n  o n  r e s p i r a t i o n  m u s t  c o n c e r n  
i t s e l f  m o re  w i t h  t h e  o r g a n i s m s  a s  c h e m i c a l  r e a g e n t s  
o r  m a t e r i a l ,  a t  l e a s t ,  c o n t a i n i n g  s u c h  r e a g e n t s .
T h i s  s t a t e  o f  a f f a i r s  i s  r a t h e r  u n f o r t u n a t e ,  b u t  
b i o c h e m i s t r y  h a s  n o t  y e t  a d v a n c e d  f a r  e n o u g h  t o  
e n a b l e  o n e  t o  d e s c r i b e  t h e  c e l l  a s  a  w h o l e .
M e c h a n i s m  o f  R e s p i r a t i o n .
R e s p i r a t i o n  t a k e s  p l a c e  o v e r  t h e  w h o le  
p l a n t  and  i s  i n d e p e n d e n t  o f  l i g h t  and  c h l o r o p h y l l .
F o r  t h e  s i m p l e s t  s t a t e  o f  a f f a i r s  we may a s s u m e  t h e  
s u b s t r a t e  t o  b e  a  c a r b o h y d r a t e  w h i c h ,  o n  b e i n g  
o x i d i s e d  t o  c a r b o n  d i o x i d e  and  w a t e r ,  i n v o l v e s  t h e  
c o n s u m p t i o n  o f  a  v o lu m e  o f  o x y g e n  e q u a l  t o  t h a t  o f  
c a r b o n  d i o x i d e  e v o l v e d  a c c o r d i n g  t o  t h e  g e n e r a l  
e q u a t i o n  -
OjjHgyOy + xOg = xCOg + yHgO 
I n  many c a s e s ,  h o w e v e r ,  t h e  vo lu m e  o f  o x y g e n  a b s o r b e d  
and  t h e  vo lum e  o f  c a r b o n  d i o x i d e  e v o l v e d  a r e  n o t  t h e  
s am e .  I n  t h e  e x a m p le  g i v e n  a b o v e ,  t h e  c o m p lex  
m o l e c u l e  i s  a s s u m e d  t o  b r e a k  down i n  o n e  s t a g e ,  b u t  
t h i s  i s  e x t r e m e l y  i m p r o b a b l e  and  t h e  n a t u r e  o f  t h e  
v a r i o u s  s t a g e s  o f  t h e  b r e a k - d o w n  o f  t h e  c a r b o h y d r a t e  
i s  o f  p r i m a r y  i m p o r t a n c e .  F u r t h e r ,  u n d e r  t h e  
t e m p e r a t u r e  c o n d i t i o n s  p r e v a i l i n g  i n  t h e  g r o w i n g  
p l a n t ,  no  b r e a k - d o w n  o f  c a r b o h y d r a t e  i n t o  c a r b o n  
d i o x i d e  and  w a t e r  t a k e s  p l a c e  i f  we s i m p l y  s u p p l y  
c a r b o h y d r a t e  w i t h  o x y g e n .  Some s y s t e m s ,  e n z y m a t i c  
o r  o t h e r w i s e ,  i n s i d e  t h e  c e l l ,  m u s t  h a v e  a  c o n n e c t i o n  
w i t h  t h e  r e s p i r a t o r y  p r o c e s s .  I t  i s  i n d e e d  a
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p o s s i b i l i t y  t h a t  e v e r y  s t a g e  i n  t h e  p r o c e s s  i s  
c a t a l y s e d  by a n  en zy m e .  L i t t l e  d i r e c t  e v i d e n c e  i s  
a v a i l a b l e  o n  t h e  m e c h a n i s m  o f  t h e  r e s p i r a t i o n  p r o c e s s ,  
b u t  a  c o n s i d e r a b l e  am oun t  o f  i n d i r e c t  e v i d e n c e  i s  
a v a i l a b l e  f r o m  f a i r l y  r e c e n t  i n v e s t i g a t i o n s  on  y e a s t  
f e r m e n t a t i o n .  I t  d o e s  n o t  f o l l o w  t h a t ,  b e c a u s e  t h e  
end p r o d u c t s  an d  s u b s t r a t e s  o f  two o r  m ore  p r o c e s s e s  
a r e  t h e  s am e ,  t h e  m e c h a n i s m  o f  t h e  r e a c t i o n s  i s  t h e  
sam e ,  b u t  t h e r e  i s ,  h o w e v e r ,  a  c e r t a i n  am ount  o f  
e v i d e n c e  w h i c h  s u g g e s t s  t h a t  t h i s  i s  i n d e e d  s o .  
( S t o k l a s a  and  C z e r n y  ( 1 9 0 2 ) ) .  P f e f f e r  ( 1 8 7 8 )  
s u g g e s t e d  t h a t  o r d i n a r y  a e r o b i c  r e s p i r a t i o n  t a k e s  
p l a c e  i n  two s t a g e s .  ( 1 ) .  The s p l i t t i n g  o f  s u g a r  
i n t o  a l c o h o l  and  c a r b o n  d i o x i d e  and  ( 2 ) t h e  o x i d a t i o n  
by  a t m o s p h e r i c  o x y g e n  o f  t h e  a l c o h o l  i n t o  c a r b o n  
d i o x i d e  and  w a t e r .  T h i s  t h e o r y  f o u n d  l i t t l e  s u p p o r t  
a n d  i n d e e d  P f e f f e r  h i m s e l f  u l t i m a t e l y  g a v e  i t  u p .  
R e c e n t l y ,  i t  h a s  f o u n d  f a v o u r  a g a i n ,  b u t  n o t  i n  t h e  
s i m p l e  f o r m  i n  w h ic h  P f e f f e r  c o n c e i v e d  i t .  The n e w e r  
i d e a  i s  t h a t ,  t h e  a l c o h o l  f e r m e n t a t i o n  t a k e s  p l a c e  i n  
s e v e r a l  s t a g e s  w i t h  t h e  f o r m a t i o n  o f  l a b i l e  
i n t e r m e d i a t e  s u b s t a n c e s  p r o d u c e d  by enzyme a c t i o n  
p r e c e d i n g  t h e  p r o d u c t i o n  o f  a l c o h o l .  A c e t a l d e h y d e  
m i g h t  be  s u c h  a n  i n t e r m e d i a r y .  J e n s e n  ( 1 9 2 2 )  
c r i t i c i s e d  t h i s  h y p o t h e s i s  o n  t h e  g r o u n d s  t h a t ,  i n  
c e r t a i n  o r g a n i s m s ,  t h e  r a t i o  o f  t h e  r a t e  o f  a n a e r o b i c  
t o  t h e  r a t e  o f  a e r o b i c  r e s p i r a t i o n  s i n k s  b e lo w  1 /2  
w i t h o u t  t h e  m a t e r i a l  s u f f e r i n g  d a m a g e .  I n  s u c h  
c a s e s  a n a e r o b i c  p r o c e s s e s  do n o t  s p l i t  up  e nough
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s u g a r  t o  a c c o u n t  f o r  t h e  w h o le  o f  t h e  a e r o b i c  
r e s p i r a t i o n .
I t  i s  now a s s u m e d  t h a t  K - f r u c t o s e  u s u a l l y  
f o r m s  t h e  s u b s t r a t e  f o r  r e s p i r a t i o n ,  t h o u g h  i t  i s  
n o t  n e c e s s a r y  f o r  i t  t o  be p r e s e n t  a s  s u c h  i n  t h e  
p l a n t  i n  t h e  f i r s t  i n s t a n c e .  The c h i e f  enzym es  
a s s o c i a t e d  w i t h  t h e  end  p r o d u c t s  o f  r e s p i r a t i o n  a r e  
o x i d a s e ,  p e r o x i d a s e ,  c a t a l a s e ,  zy m ase  and  c a r b o x y l a s e .
The c o u r s e  o f  a e r o b i c  r e s p i r a t i o n  may b e  
c o n v e n i e n t l y  d i v i d e d  i n t o  t h r e e  m a in  p a r t s ,  t h o u g h  
e a c h  p a r t  may c o n t a i n  s e v e r a l  s t a g e s .
( 1 )  The  p r o d u c t i o n  o f  a c t i v e  h e x o s e  ( V - f r u c t o s e ) 
f r o m  t h e  n o r m a l  s u g a r  o r  o t h e r  m a t e r i a l  u s e d  
i n  r e s p i r a t i o n .
( 2 )  The b r e a k i n g  down o f  t h e  a c t i v e  h e x o s e  by  m eans  
o f  en zy m e s  o f  t h e  zym ase  c o m p l e x .
( 3 )  The o x i d a t i o n  o f  t h e  i n t e r m e d i a t e  p r o d u c t s  
fo r m e d  i n  ( 2 ) .
The w ork  o f  N e u b e r g  and  c o - w o r k e r s  ( 1 9 1 8 ,  
1 9 2 1 ,  1 9 2 4 ,  1925  and  1 9 2 6 )  h a s  r e n d e r e d  i t  a l m o s t  
c e r t a i n  t h a t  a c e t a l d e h y d e  i s  a n  i n t e r m e d i a t e  p r o d u c t  
o f  r e s p i r a t i o n .  N e u b e r g  h a s  s u g g e s t e d  a  s e r i e s  o f  
r e a c t i o n s  by  w h i c h  t h e  s u g a r  may b e  b r o k e n  down t o  
a c e t a l d e h y d e  and  w h ic h  h a s  a  w o r k i n g  h y p o t h e s i s .
T h e s e  s t a g e s  a r e  a s  f o l l o w s
8 5 .
( 1 )  The s p l i t t i n g  o f  t h e  h e x o s e  m o l e c u l e  i n t o  two 
m o l e c u l e s  o f  m e t h y l  g l y o x a l  w i t h  t h e  r e m o v a l  
o f  w a t e r .
,0>
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HOH2C.COH CH.CH2OH - »  2CH3 . CO. CHQ + 2 H2O
CHOH CHOH
(EJ A C a n n i z z a r o  r e a c t i o n  now f o l l o w s  i n  w h ic h  two 
m o l e c u l e s  o f  m e t h y l  g l y o x a l  a r e  c o n c e r n e d ,  o n e  
b e i n g  r e d u c e d  t o  g l y c e r o l ,  t h e  o t h e r  o x i d i s e d  
t o  p y r u v i c  a c i d .
CH3 . CO. CHO CH20H. CHOH. CH2OH
H2
+ | f +  h 2 o  +
0
CH3 . CO. CH0 CH3 . CO. CO oh
( 3 )  The p y r u v i c  a c i d  i s  now s p l i t  i n t o  a c e t a l d e h y d e  
an d  c a r b o n  d i o x i d e .
CH3 .CQ.C00H — >. CH3 .CH0 + C02
The l a s t  s t a g e  i n  a e r o b i c  r e s p i r a t i o n  i s  t h e  
o x i d a t i o n  o f  a c e t a l d e h y d e  o r  some o t h e r  i n t e r m e d i a t e  
p r o d u c t  by  means  o f  o n e  o f  t h e  o x i d a t i o n  m e c h a n i s m s  
p r e s e n t  i n  t h e  p l a n t .  The a c t u a l  c o u r s e  o f  t h i s  
s t a g e  i s  s t i l l  v e r y  o b s c u r e .  N e u b e r g ’ s scheme a g r e e s  
v e r y  c l o s e l y  w i t h  t h a t  p u t  f o r w a r d  by  B lack m an  ( 1 9 2 8 )  
who w o r k e d  o n  t h e  r e s p i r a t i o n  o f  a p p l e s .  From a l l  
t h i s  i t  i s  v e r y  o b v i o u s  t h a t  enzym es  h o l d  a p l a c e  o f  
p a r a m o u n t  i m p o r t a n c e  i n  r e s p i r a t i o n  m e a s u r e m e n t s ,  and  
i t  was  b e c a u s e  o f  t h i s  t h a t  r e s p i r a t i o n  m e a s u r e m e n t s  
w e r e  u n d e r t a k e n  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .
P r e v i o u s  w ork  b y  J o s z t  and  S t a r e z e w s k i  ( 1 9 2 2 )  an d  
L a u d e r  and R o b e r t s o n  ( 1 9 3 1 )  h a d  s u g g e s t e d  t h a t  t h e r e  
w e r e  v a r i e t a l  d i f f e r e n c e s  i n  t h e  enzyme c o n t e n t  o f  
p o t a t o e s ,  and  s i n c e  t h e  r a t e  o f  r e s p i r a t i o n  i s  
d e p e n d e n t  o n  t h e  enzyme a c t i v i t y  o f  t h e  t i s s u e ,  i t  
was  t h o u g h t  p o s s i b l e  t h a t  t h e s e  d i f f e r e n c e s  w ou ld  be 
e v i d e n t  i f  t h e  r e s p i r a t i o n  r a t e s  o f  s e v e r a l  v a r i e t i e s  
c o u l d  be  m e a s u r e d .
P r a c t i c a l  C o n s i d e r a t i o n s .
I n  t h e  s t u d y  o f  t h e  r e s p i r a t i o n  o f  a  l i v i n g  
o r g a n i s m ,  t h e  e q u i p m e n t  r e q u i r e d ,  when o n l y  t h e  
c a r b o n  d i o x i d e  g i v e n  o f f  i s  t o  be m e a s u r e d  i s  
c o m p a r a t i v e l y  s i m p l e ,  b u t  when  t h e  r e s p i r a t i o n  
q u o t i e n t  ( CO2/ O 2 ) i s  t o  be m e a s u r e d ,  some means  o f  
d e t e r m i n i n g  t h e  u p t a k e  o f  o x y g e n ,  a s  w e l l  a s  t h e  
c a r b o n  d i o x i d e  p r o d u c e d ,  m u s t  be p r o v i d e d .  The 
a p p a r a t u s  d e s c r i b e d  h e r e  i s  b a s e d  o n  a  w e l l - k n o w n  
b a s i c  p r i n c i p l e .  S e v e r a l  m o d i f i c a t i o n s  h a v e  b e e n
i n t r o d u c e d ,  h o w e v e r ,  t o  s i m p l i f y  t h e  w o r k i n g  o f  t h e  
s y s t e m .  T e m p e r a t u r e  p l a y s  a n  i m p o r t a n t  p a r t  i n  t h e  
r e s p i r a t i o n  i n t e n s i t y ,  an  i n c r e a s e  i n  t e m p e r a t u r e  
u s u a l l y  g i v i n g  a n  i n c r e a s e  i n  t h e  r a t e  o f  r e s p i r a t i o n .  
L i g h t  i n  i t s e l f  h a s  no e f f e c t  o n  t h e  r e s p i r a t i o n ,  
b u t  i t  may c a u s e  o r g a n i c  d e c o m p o s i t i o n  g i v i n g  r i s e  t o  
t h e  l i b e r a t i o n  o f  c a r b o n  d i o x i d e .  A c c o r d i n g  t o  
B la c k m a n  ( 1 9 2 8 )  t h e  c a r b o n  d i o x i d e  p r o d u c t i o n  v a r i e s  
w i t h  e v e r y  c o n c e n t r a t i o n  o f  t h e  o x y g e n  e n v i r o n m e n t .  
I n c r e a s e d  c o n c e n t r a t i o n s  o f  c a r b o n  d i o x i d e  a l s o  
b r i n g  a b o u t  a  v e r y  m a r k e d  d e p r e s s i o n  i n  t h e  r a t e
8 7 .
o f  r e s p i r a t i o n .  B&Tim ( 1 8 8 7 )  and  S t i c h  ( 1 8 9 1 )  
showed  t h a t ,  when p o t a t o e s  w e r e  c u t ,  t h e  r e s p i r a t i o n  
was i n c r e a s e d .  L a t e r ,  R i c h a r d s  ( 1 8 9 6 )  showed  t h a t  
t h e  i n c r e a s e  was  d e p e n d e n t  o n  t h e  e x t e n t  o f  t h e  
w o u n d i n g .  When a  p o t a t o  was  c u t ,  t h e r e  was a  l a r g e  
i n c r e a s e  i n  t h e  r a t e  o f  r e s p i r a t i o n  i n  t h e  f i r s t  two 
o r  t h r e e  h o u r s  f o l l o w e d  b y  a  r a p i d  d e c r e a s e ,  d u e  t o  
t h e  e s c a p e  o f  g a s e s  p r e v i o u s l y  e n c l o s e d  w i t h i n  t h e  
t i s s u e .
From  t h e  a b o v e  c o n s i d e r a t i o n s ,  i t  i s  
o b v i o u s  t h a t  when t h e  r e s p i r a t i o n  r a t e  i s  b e i n g  
m e a s u r e d ,  t h e  f o l l o w i n g  f a c t o r s  m u s t  be t a k e n  i n t o  
a c c o u n t .
( 1 )  The t e m p e r a t u r e  m u s t  be  k e p t  c o n s t a n t .
( 2 )  L i g h t  s h o u l d  be e x c l u d e d .
( 3 )  The c o n c e n t r a t i o n  o f  o x y g e n  s h o u l d  b e  k e p t  a s  
c o n s t a n t  a s  p o s s i b l e .
( 4 )  O n ly  u n d a m ag e d  m a t e r i a l  s h o u l d  be u s e d .
The a p p a r a t u s  t o  be  d e s c r i b e d  h e r e  was  
d e v e l o p e d  f r o m  t h e  g a s  c i r c u l a t i n g  pump o f  L e a c h  
( 1 9 3 0 )  and  f r o m  t h e  P e t t e n k o f f e r  m e th o d  o f  H a n e s  and  
B a r k e r  ( 1 9 3 1 ) .
D e s c r i p t i o n  o f  t h e  A p p a r a t u s .
The a t t a c h e d  d i a g r a m s  and  p h o t o g r a p h s  w i l l  
i l l u s t r a t e  t h e  mode o f  a s s e m b l y  and  w o r k i n g  d e t a i l s  
o f  t h e  a p p a r a t u s .  I n  t h e  d i a g r a m s  a l l  b u t  t h e  
c o n n e c t i n g  t u b e s  i s  d r a w n  t o  s c a l e .
A b o u t  1 k g .  o f  p o t a t o  t u b e r s  i s  p l a c e d  i n




S c h e m a t i c  D ia g r a m  o f  R e s p i r a t i o n  A p p a r a t u s .
l a r g e  b o t t l e  w i t h  a  h o l e  t o  t a k e  a  6A r u b b e r  s t o p p e r  
c u t  i n  t h e  g r o u n d - i n  g l a s s  l i d .  T h i s  c o n t a i n e r  i s  
c o n n e c t e d  i n  s e r i e s  w i t h  a  w a t e r  m a n o m e te r  M, 
c o m p e n s a t i n g  f l a s k  N and m e r c u r y  m a n o m e te r  0 , o f  t h e  
same d i a m e t e r  a s  G. The c o n t a i n e r  and c o m p e n s a t i n g  
f l a s k  a r e  im m e rs e d  i n  a  w a t e r  b a t h  w h ic h  i s  
t h e r m o s t a t i c a l l y  c o n t r o l l e d  a t  20°  C. ± 0. 2°  c. by  
m e an s  o f  a  m e r c u r y - t o l e u n e  r e g u l a t o r  w o r k i n g  a  h o t - w i r e  
r e l a y  s w i t c h  f o r  a n  e l e c t r i c  i m m e r s i o n  h e a t e r .
To k e e p  t h e  a i r  c i r c u l a t i n g  i n  J  t h e  pump G 
i s  w o r k e d  f r o m  a  s m a l l  e l e c t r i c  t u r n t a b l e  A, w i t h  a n  
i n d u c t i o n  m o t o r ,  m o v in g  a t  2 r . p . m .  A C ra n k  B m ak es  
c o n n e c t i o n  b e t w e e n  t h e  p e r i p h e r y  o f  A and o n e  end  o f  
t h e  f u l c r u m  C w h ic h  i s  s u p p o r t e d  o n  a  s t a n d  o f  a n g l e  
i r o n  E. The m e r c u r y  r e s e r v o i r  F i s  a t t a c h e d  t o  t h e  
o t h e r  end o f  t h e  f u l c r u m .  When t h e  s y s t e m  i s  i n  
m o t i o n ,  t h e r e  i s  a  c o n t i n u o u s  c h a n g e  i n  t h e  w e i g h t  o f  
t h e  r e s e r v o i r  and  t h e  d i f f e r e n c e  a t  o p p o s i t e  e n d s  o f  
t h e  s t r o k e  i s  t o o  much f o r  t h e  m o t o r  t o  o v e r c o m e .
The r e s e r v o i r  i s ,  t h e r e f o r e ,  b a l a n c e d  by  t h e  s p r i n g s  
I) w h o se  t e n s i o n  i s  a d j u s t e d  by  v a r y i n g  t h e  n u m b e r  o f  
l i n k s  o f  c h a i n  a n c h o r e d  t o  t h e  b e n c h .  The r e s e r v o i r  
w o rk s  a  p a i r  o f  pumps l i k e  t h a t  shown i n  G. By 
m e an s  o f  t h e  s p r i n g s  and  by h a v i n g  t h e  r u b b e r  
c o n n e c t i o n s  a s  s h o r t  a s  p o s s i b l e ,  t h e  up  and down 
movement  o f  t h e  r e s e r v o i r  i s  p e r f e c t l y  r e g u l a r  and p u t s  
l i t t l e  s t r a i n  o n  t h e  m o t o r .  The pump G i s  made f r o m  
P y r e x  g l a s s ,  12  mm. i n t e r n a l  d i a m e t e r ,  w i t h  1 / 4 ” 
s t a i n l e s s  s t e e l  b a l l s  l i g h t l y  g r o u n d  i n  a t  t h e
8 9 .
G e n e r a l  View s h o w i n g  a r r a n g e m e n t  o f  
M o t o r s  a n d  Pumps .
C l o s e - u p  o f  Pump.
c o n s t r i c t i o n s  H and  L, and  t h e  w h o le  i s  so  a r r a n g e d
t h a t  i t  c a n  he  e a s i l y  d i s m a n t l e d  and t h e  b a l l s  
r e m o v e d  f o r  c l e a n i n g  when n e c e s s a r y .  As t h e
m e r c u r y  r i s e s  i n  G t h e  a i r  i s  f o r c e d  p a s t  t h e  v a l v e
H and i n t o  t h e  t o p  o f  t h e  c o n t a i n e r ;  a s  t h e  m e r c u r y
f a l l s  i n  G t h e  a i r  i s  s u c k e d  t h r o u g h  L f r o m  t h e  b o t t o m
o f  t h e  c o n t a i n e r  v i a  t h e  a b s o r b i n g  s o l u t i o n  i n  t h e
f l a s k  IC i n t o  t h e  pump.  The c a p a c i t y  o f  G i s  a b o u t
40 m l .  so t h a t  a b o u t  80 m l .  p a s s e s  t h r o u g h  K p e r
m i n u t e  an d  t h e r e  i s  t h u s  a p p r o x i m a t e l y  t h r e e  c o m p l e t e
c h a n g e s  o f  a i r  i n  J  p e r  h o u r .
The t u b e  l e a d i n g  i n t o  K, a  100 m l .  w i d e ­
m o u th e d  c o n i c a l  f l a s k ,  h a s  a  b u l b  p i e r c e d  w i t h  s m a l l  
h o l e s ,  so t h a t  t h e  a i r  p a s s e s  i n t o  t h e  a b s o r b i n g  
s o l u t i o n  i n  t h e  f o r m  o f  v e r y  s m a l l  b u b b l e s .  The 
a b s o r b i n g  s o l u t i o n  c o n s i s t s  o f  a  d e f i n i t e  vo lu m e  o f  
N / 1 0  NaOH and t h e  c a r b o n  d i o x i d e  i s  d e t e r m i n e d  .by 
a d d i n g  e x c e s s  b a r i u m  c h l o r i d e  an d  t i t r a t i n g  t h e  
e x c e s s  h y d r o x i d e  a s  i n  W i n k l e r ’ s  m e t h o d .
D u r i n g  t h e  e x p e r i m e n t ,  t h e  a p p a r a t u s  i s  k e p t  
a i r - t i g h t  by  m eans  o f  a  l i b e r a l  a p p l i c a t i o n  o f  a  
p r o p r i e t a r y  s e a l i n g  compound c a l l e d  A p i e z o n  ” Qrt.
I n  t h e  a c t u a l  i n v e s t i g a t i o n ,  f o u r  s e t s  o f  
a p p a r a t u s  w e r e  u s e d ,  t h e  f o u r  c o n t a i n e r s  and t h e i r  
r e s p e c t i v e  c o m p e n s a t i n g  f l a s k s  s t a n d i n g  o n  a  w i r e  t r a y  
i n  a  c o p p e r  t a n k  a b o u t  2 f t .  c u b e d ,  l a g g e d  o n  t h e  
o u t s i d e  w i t h  a s b e s t o s .  The t a n k  w as  a l s o  f i t t e d  w i t h
a  s t i r r e r ,  t h e  s p e e d  o f  w h ic h  c o u l d  b e  v a r i e d  a t  w i l l .  
The m a n o m e t e r s  M w h ic h  w e r e  a b o u t  2 f t .  l o n g  w e r e  a l l  
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a s  w i l l  be  s e e n  i n  t h e  p h o t o g r a p h s .  The c o m p e n s a t i n g  
f l a s k  s h o u l d  h a v e  a  vo lu m e  e q u a l  t o  t h e  v o lu m e  o f  a i r  
l e f t  i n  t h e  c o n t a i n e r s  a f t e r  t h e  p o t a t o e s  a r e  p u t  i n .  
V a r i o u s  l i q u i d s  s u c h  a s  c o l o u r e d  a l c o h o l i c  and  
g l y c e r i n e  s o l u t i o n s  w e r e  t r i e d  i n  t h e  m a n o m e t e r s ,  
b u t  t h e  o n e  f i n a l l y  d e c i d e d  u p o n  was  a  d i l u t e  
s o l u t i o n  o f  m e t h y l e n e  b l u e  i n  w a t e r .  On o n e  l i m b  
o f  t h e  m a n o m e t e r ,  a  p o i n t e r  was  a t t a c h e d  so t h a t  t h e  
l e v e l  o f  t h e  l i q u i d  c o u l d  b e  n o t e d .  The a b s o r p t i o n  
f l a s k  K was  b y - p a s s e d  by  a  c a p i l l a r y  t u b e ,  so t h a t  
p r e s s u r e s  c o u l d  be  e q u a l i s e d  when r e a d i n g s  w e r e  b e i n g  
t a k e n .
TJse o f  t h e  A p p a r a t u s .
The t u b e r s  t o  be  u s e d  f o r  t h e  e x p e r i m e n t s  
w e r e  k e p t  a t  a  lo w  t e m p e r a t u r e  o f  a b o u t  5°  C. t i l l  
r e q u i r e d  f o r  u s e .  They w e r e  t h e n  t a k e n  i n t o  t h e  
l a b o r a t o r y  and  c a r e f u l l y  w a sh e d  and d r i e d  and  s t o r e d  
f o r  24  h o u r s  a t  2 0 °  C. A bou t  e i g h t  o r  n i n e  
u n d a m a g e d  t u b e r s  w e i g h i n g  8 0 0 - 1 0 0 0  g .  w e r e  t a k e n  f o r  
e a c h  d e t e r m i n a t i o n  an d  p l a c e d  i n  t h e  c o n t a i n e r s  w i t h  
t h e  e x i t  t u b e  c a r r i e d  r i g h t  t o  t h e  b o t t o m ,  and  t h e  
l i d s  s e a l e d  i n  w i t h  A p i e z o n  n QM. The a b s o r p t i o n  
f l a s k s  K w e r e  n e x t  p u t  i n  p o s i t i o n .  F o r  t h e  f i r s t  
h o u r  t h e  f l a s k s  c o n t a i n e d  25  m l .  10% NaGH to  a b s o r b  
t h e  i n i t i a l  CO2 p r e s e n t .  A f t e r  t h i s  t i m e  t h e  f l a s k s  
w e r e  r e p l a c e d  b y  o t h e r s  c o n t a i n i n g  25 m l .  N /10  NaOH. 
G r e a t  c a r e  i s  n e c e s s a r y  to  s e e  t h a t  a l l  t h e  a p p a r a t u s  
i s  a i r - t i g h t .
9 1 .
A d e t e r m i n a t i o n  i s  commenced a t  
a t m o s p h e r i c  p r e s s u r e ,  a l l  f o u r  s t o p c o c k s  S' b e i n g  
o p e n  a n d  t h e  m e r c u r y  l e v e l  i n  G f i x e d  a t  a  
p a r t i c u l a r  p o i n t .  (A n e e d l e  i n  t h e  s t o p p e r  o f  G 
an d  a  m a rk  o n  t h e  t u r n t a b l e  A s e r v e  a s  c h e c k s  on  
t h i s  l e v e l ) .  S t o p c o c k s  S1? S m ,  and  S q_v , a r e  t h e n  
c l o s e d .  When i t  i s  d e s i r e d  t o  m e a s u r e  t h e  am oun t  o f  
o x y g e n  a b s o r b e d ,  S i  i s  o p e n e d  t o  e q u a l i s e  p r e s s u r e s  
i n  t h e  s y s t e m ,  t h e  m e r c u r y  i n  G i s  b r o u g h t  b a c k  t o  t h e  
same p o i n t  a s  a t  t h e  commencement ,  a n d  t h e  l i q u i d  
i n  t h e  two l i m b s  o f  t h e  m a n o m e te r  M a d j u s t e d  to  t h e i r  
o r i g i n a l  l e v e l s  by a d m i t t i n g  o x y g e n  t h r o u g h  t h e  
s t o p c o c k  S m  f r o m  a  g a s  b u r e t t e .
The vo lum e o f  c a r b o n  d i o x i d e  g i v e n  o f f  o v e r  
a  g i v e n  t i m e  c a n  be  c a l c u l a t e d  and t h e  c o r r e s p o n d i n g  
v o l u m e  o f  o x y g e n  u s e d  b e i n g  known, t h e  r e s p i r a t i o n  
q u o t i e n t  c an  be c a l c u l a t e d .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  b o t h  h e a l t h y  
an d  d i s e a s e d  m a t e r i a l  was  u s e d  a s  w e l l  a s  m a t e r i a l  
f r o m  d i f f e r e n t  s o u r c e s .  Each  d e t e r m i n a t i o n  was 
n o r m a l l y  a l l o w e d  t o  r u n  f o r  f o u r  h o u r s .  S i n c e  
r e s p i r a t i o n  i s  c o n n e c t e d  w i t h  enzyme a c t i v i t y ,  i t  
was  t h o u g h t  p r o b a b l e  t h a t  a  c o n n e c t i o n  c o u l d  be 
shown b e t w e e n  t h e  r a t e  o f  r e s p i r a t i o n  o r  t h e  c a r b o n  
d i o x i d e  o u t p u t  and  t h e  enzyme a c t i v i t y .  L a u d e r  and  
R o b e r t s o n  ( 1 9 5 1 )  h a v e  g i v e n  f i g u r e s  f o r  t h e  
t y r o s i n a s e  a c t i v i t y  i n  p o t a t o e s ,  a n d  t h e s e  f i g u r e s  
w e r e  u s e d  i n  t h e  r e s u l t s  t o  f o l l o w .  M os t  o f  t h e  
r e s p i r a t i o n  e x p e r i m e n t s  w e re  c a r r i e d  o u t  a f t e r  f o u r  
m o n t h s ’ s t o r a g e ,  and  t h e  f i g u r e s  f o r  t h e  a s c o r b i c  a c i d
9 2 .
c o n t e n t  a f t e r  f o u r  m o n t h s '  s t o r a g e  w e r e  a l s o  u s e d  
f o r  c o m p a r i s o n .  The r e s u l t s  a r e  g i v e n  i n  T a b l e s  
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WT OF CO E.VOLVLD IN MQ.[iOOQ TU B ER.
9 4 .
T a b l e  2 1 .
j i e r  hi».
Wt.  o f  CO2 e v o l v e d  Ai n  mg. p e r  100 g .  t i s s u e  f r o m  
t u b e r s  f r o m  d i f f e r e n t  s o u r c e s  c o m p ar ed  w i t h  t h e
T y r o s i n a s e  A c t i v i t y  and  t h e  A s c o r b i c  A c i d  C o n t e n t .
V a r i e t y T y r . V i t . C E.H. Ms. A. I k I n
D i - V e r n o n 1 7 . 5 6.2 0 . 9 2 — _
P r e s i d e n t 1 6 . 5 6 . 7 1 . 1 1 - - 0» —
G l a d s t o n e 1 6 . 5 9 . 3 0 . 6 1 0 . 8 5 0 . 7 0 1 . 1 5 —
D u n b a r  C a v a l i e r 1 5 . 5 7 . 1 1 . 1 7 0 . 7 9 0 . 8 0 — 0 . 8 0
Doon S t a r 1 5 . 0 7 . 6 1 . 5 3 1 .0 1 . 1 .0 1 1 .0 1 —
G o ld e n  Wonder 1 4 . 5 9 . 8 1 . 3 9 0 . 8 9 1 . 0 5 1 . 5 4 1 . 0 8
Immune A s h l e a f 1 4 . 3 — 1 .2 2 — 1 .1 2 1 .0 1 —
Duke o f  Y ork 12.8 8 . 3 1 . 1 8 0 . 9 3 0.86 0 . 8 9 —
M a j e s t i c 1 2 . 5 7 . 4 1 . 1 7 0 . 8 7 0 . 7 5 0 . 8 4 —
C a t r i o n a 1 2 . 5 - 1 . 0 4 — — — —
A r r a n  P i l o t 1 2 . 5 - 0 . 7 1 0.88 0 . 8 9 1 .10 1 . 0 6
E p i c u r e 12.0 7 . 7 1 . 1 4 0 . 9 3 0 . 9 5 1 . 1 5 0 . 9 8
A r r a n  C h i e f 10.2 5 . 7 1 . 3 9 - - - —
R e d s k i n 9 . 7 9 . 7 0.88 0 . 9 1 0 . 9 2 1 .1 2 —
G r e a t  S c o t 8 . 5 - 0 . 8 5 0 . 9 3 1 . 0 7 1 . 1 8 1 . 1 8
U p - t o - D a t e 8 . 5 8 . 5 1 . 3 6 — - — —
A r r a n  B a n n e r 6 . 5 8 . 7 1 . 1 3 1.0 2 0 . 9 4 0 . 9 5 —
K e r r • s P i n k 6.0 - 0 . 7 6 0.88 0 . 8 0 1 . 0 3 —
E c l i p s e 5 . 5 - - 0 . 9 1 1 . 0 3 1 . 2 5 —
K in g  Edward 4 . 5 8 .1 0 . 6 9 0 . 9 5 0 . 8 7 0 . 9 6 0 . 9 6
D u n b a r  s t a n d a r d - 7 . 7 0 . 8 9 - 0 . 8 9 0 . 9 5 0 . 9 0
A r r a n  C o n s u l - 4 . 9 0 . 9 7 — — - —
S h a r p e ’ s  E x p r e s s - - 1.00 - - - -
N i n e t y  f o l d —• — - 1 .10 0 . 9 1 1 . 0 5 1 .2 2
A v e r a g e 1 . 0 5 0 . 9 9 0 . 9 1 1 . 0 6 1.0 2
T y r . T y r o s i n a s e  A c t i v i t y ,  See  T e x t .
V i t . C = A s c o r b i c  A c id  C o n t e n t  i n  mg. p e r  100 g .  t i s s u e .
E .H. = E a s t  C r a i g s .
A. F i n l a y ,  A b e r d e e n .
M. = M c A l i s t e r ,  P e r t h .
D. = D o b b i e ,  ’E d i n b u r g h .
T. = T h y n e ,  D u n d e e .
9 5 .
h e . ' P  h * *
Wt. o f  COg e v o l v e d ^ i n  mg. p e r  100  g .  t i s s u e  f r o m  
h e a l t h y  and  d i s e a s e d  t u b e r s .
T a b l e  2 2 .
V a r i e t y S .H . E .3 .M . E .L .R
G l a d s t o n e 0 . 6 1 0 . 9 4
D u n b a r  C a v a l i e r 1 . 1 7 1 . 0 6 1 . 4 1
Doan S t a r 1 . 5 3 1 . 3 2 1 . 2 9
G o ld e n  Wonder 1 . 3 9 1 . 3 8 1 . 2 8
Immune A s h l e a f 1 . 2 3 1 . 2 6 1 . 3 2
Duke o f  Y o rk 1 . 1 8 1.20 —
Maj e s t i c 1 . 1 7 0 . 7 8 1 . 3 4
A r r a n  P i l o t 0 . 7 1 1 . 1 5 0.88
E p i c u r e 1 . 1 4 — 1.20
A r r a n  C h i e f 1 . 3 9 1.0 2 1 . 7 4
R e d s k i n 0.88 1 . 1 6 —
G r e a t  S c o t 0 . 8 5 0 . 9 4 1 . 8 0
U p - t o - P a t e 1 . 3 6 0 . 8 2 1 . 0 9
A r r a n  B a n n e r 1 . 1 3 0.86 0 . 8 9
K e r r  *s  P i n k 0 . 7 6 0 . 7 5 1 . 2 6
K i n g  Edward 0 . 6 9 1 .10 1 . 0 4
A r r a n  C o n s u l 1 . 0 0 1 . 2 4 1 .2 2
A v e r a g e 1 . 0 7 1 . 0 7 1 . 2 4
T a b l e  2 5 .
R e s p i r a t i o n  Q u o t i e n t  o f  H e a l t h y  an d  D i s e a s e d  T u b e r s .
V a r i e t y E .H . E .S .M . E .L .R
G l a d s t o n e 1 . 3 4 0 . 7 4
D u n b a r  C a v a l i e r 0 . 8 2 1 . 4 3 0 . 8 9
Doon S t a r 1 .0 1 0 . 7 2 0 . 7 8
G o l d e n  Wonder — 0 . 8 3 0 . 9 6
Immune A s h l e a f - 0 . 9 0 0 . 8 9
Duke o f  Y ork 1 . 4 7 1 . 2 5 -
M a j e s t i c 0 . 5 5 1 . 1 7 1 . 7 7
A r r a n  P i l o t — 0 . 7 5 0 . 8 7
E p i c u r e 1 . 0 7 0 . 9 7 -
A r r a n  C h i e f - 0 . 9 1 -
R e d s k i n — 0 . 8 5 -
G r e a t  S c o t — 1 .10 0 . 8 4
U p - t o - D a t e 1 .0 1 0 . 9 9 0 . 6 0
A r r a n  B a n n e r 2 . 0 8 1 . 4 3 1 . 0 6
K e r r ' s  P i n k — 0 . 6 7 2 . 0 5
K in g  Edward 1 . 2 5 1 .0 1 -
A r r a n  C o n s u l 1 . 5 3 0 . 8 2 1 . 7 7
A v e r a g e 1 .2 2 0 . 9 9 1 . 1 6
9 6 .  
T a b l e  2 4 .
R e s p i r a t i o n  Q u o t i e n t  o f  T u b e r s  f r o m  D i f f e r e n t  S o u r c e s .
V a r i e t y T y r . V i t .  C E .H . ÌL_ ài. D^ I n
D i - V e r n o n 1 7 . 5 6.2 1.0 1 —,
P r e s i d e n t 1 6 . 5 6 . 7 1 . 9 0 — — — _
G l a d s t o n e 1 6 . 5 9 . 3 1 . 3 4 0.68 0 . 7 9 0 . 6 2 —
D u n b a r  C a v a l i e r 1 5 . 5 7 . 1 0 . 8 2 1 .2 2 — 1 . 1 3 1 . 2 9
Doon S t a r 1 5 . 0 7 . 6 1 .0 1 0 . 9 8 0 . 9 2 0 . 7 9 —





Immune A s h l e a f 1 4 . 5 — — — 1 . 4 1 1 .0 1
Duke o f  Y o rk 12.8 8 . 3 1 . 4 7 0 . 7 2 0.86 0 . 8 2 —
M a j e s t i c 1 2 . 5 7 . 4 0 . 5 5 1 . 3 8 2 . 4 7 0 . 7 4
C a t r i o n a 1 2 . 5 — - 0 . 9 8 — — —
A r r a n  P i l o t 1 2 . 5 - - 1 . 4 2 0.86 0 . 7 9 0 . 7 5
E p i c u r e 12.0 7 . 7 1 . 0 7 0 . 5 7 0 . 9 1 0 . 7 8 0 . 8 5
A r r a n  C h i e f 10 .2 5 . 7 - — — — —
R e d s k i n 9 . 7 9 . 7 — 1 . 1 4 0 . 6 5 0 . 9 9 —
G r e a t  S c o t 8 . 5 — — 0 . 5 2 1 . 0 6 0 . 9 0 0.68
U p - t o - D a t e 8 . 5 8 . 5 1 .0 1 — — — —
A r r a n  B a n n e r 6 . 5 8 . 7 2 . 0 8 1 . 0 7 1 .2 1 1.00 —
K e r r ' s  P i n k 6.0 — - 0 . 5 4 0 . 4 2 1 .10 —
E c l i p s e 5 . 0 — - 0 . 9 2 0 . 8 3 1 . 1 6 —
K i n g  Edward 4 . 5 8 .1 1 . 2 5 0 . 8 4 0 . 8 7 1 .2 2 0 . 9 2
D u n b a r  S t a n d a r d - 7 . 7 — - 0 . 6 9 0 . 7 3 0 . 8 9
A r r a n  C o n s u l — 4 . 9 1 . 5 3 — — — —
S h a r p e ' s  E x p r e s s - 7 . 9 1 . 2 3 - — — —
N i n e t y f o l d - - - 0 . 7 4 0 . 7 5 1 . 0 4 0 . 8 5
A v e r a g e 1 . 2 3 0 . 9 1 0 . 9 2 0 . 9 6 0 . 9 4
D i s c u s s i o n  o f  R e s u l t s .
T h e r e  i s  v e r y  l i t t l e  o b v i o u s  r e l a t i o n  b e t w e e n
a n y  o f  t h e  r e s u l t s  f o r  a n y  p a r t i c u l a r  v a r i e t y  when 
t a k e n  i n d i v i d u a l l y .  When t h e  c a r b o n  d i o x i d e  e v o l u t i o n  
o f  t h e  t u b e r s  f r o m  t h e  d i f f e r e n t  s o u r c e s  ( T a b l e  21)  
i s  a v e r a g e d ,  t h e  a g r e e m e n t  i s  n o t  v e r y  g o o d ,  b u t  when 
t h e  a v e r a g e  r e s p i r a t i o n  q u o t i e n t  f o r  t h e  same s o u r c e s  
( T a b l e  24 )  i s  c o n s i d e r e d ,  t h e  E a s t  C r a i g s '  t u b e r s  
g i v e  a  much h i g h e r  v a l u e  t h a n  t h e  o t h e r  f o u r  s o u r c e s  
w h i c h  show v e r y  good  a g r e e m e n t  among t h e m s e l v e s .
The e f f e c t  o f  d i s e a s e  o n  t h e  c a r b o n  
d i o x i d e  o u t p u t  ( T a b l e  2 2 )  i s  q u i t e  ¡n a rk e d .  T u b e r s  
i n f e c t e d  w i t h  m o s a i c  g a v e  a n  i d e n t i c a l  v a l u e  w i t h  t h e  
h e a l t h y  m a t e r i a l ,  b u t  t h e  a v e r a g e  v a l u e  f o r  t u b e r s  
i n f e c t e d  w i t h  l e a f - r o l l  i s  m a r k e d l y  i n c r e a s e d .  T h i s ,  
h o w e v e r ,  i s  n o t  shown when t h e  r e s p i r a t i o n  q u o t i e n t s  
a r e  a v e r a g e d  ( T a b l e  2 3 ) .  W h i t e h e a d  ( 1 9 3 4 ) ,  who 
m e a s u r e d  t h e  c a r b o n  d i o x i d e  e v o l u t i o n  o f  h e a l t h y  an d  
l e a f - r o l l  i n f e c t e d  p l a n t s  f o u n d  t h a t ,  t h r o u g h o u t  t h e  
g r e a t e r  p a r t  o f  t h e  l i f e - c y c l e ,  t h e  w e i g h t  o f  c a r b o n  
d i o x i d e  e v o l v e d  f r o m  t h e  d i s e a s e d  p l a n t s  was  g r e a t e r  
t h a n  t h a t  f r o m  t h e  h e a l t h y  p l a n t s .
The  w e i g h t  o f  c a r b o n  d i o x i d e  e v o l v e d  seem s  
to  g i v e  m o re  c o n s i s t e n t  r e s u l t s  t h a n  t h e  r e s p i r a t i o n  
q u o t i e n t ,  so i t  was  d e c i d e d  t o  p l o t  t h e  c a r b o n  d i o x i d e  
e v o l v e d  a g a i n s t  t h e  t y r o s i n a s e  v a l u e  an d  t h e  a s c o r b i c  
a c i d  c o n t e n t  ( G r a p h  4 ) .  The p o i n t s  a r e  v e r y  
s c a t t e r e d ,  and  t h e r e  i s  no c l e a r - c u t  c o r r e l a t i o n .
I n  t h e  c a s e  o f  a s c o r b i c  a c i d ,  t h e  s c a t t e r e d  
d i a g r a m  ( G r a p h  4 )  shows t h a t  t h e r e  i s  no  c o r r e l a t i o n  
b e t w e e n  t h e  a s c o r b i c  a c i d  a n d  c a r b o n  d i o x i d e  e v o l v e d .  
The  s c a t t e r e d  d i a g r a m  f o r  t y r o s i n a s e  an d  c a r b o n  
d i o x i d e  s u g g e s t s  a  g e n e r a l  t e n d e n c y  f o r  a  p o s i t i v e  
c o r r e l a t i o n ,  b u t  t h e  c o r r e l a t i o n  c o - e f f i c i e n t  
c a l c u l a t e d  f o r  t h e  two s e t s  o f  v a l u e s  i s  o n l y  p l u s  
0 . 2 3  w h i c h ,  f o r  19 o b s e r v a t i o n s ,  d o e s  n o t  r e a c h  t h e  
l e v e l  o f  s i g n i f i c a n c e .  The r e g r e s s i o n  l i n e s  h a v e  
b e e n  i n s e r t e d  i n  t h e  d i a g r a m .
9 7 .
98
The a u t h o r  w i s h e s  t o  t h a n k  The A g r i c u l t u r a l  
R e s e a r c h  C o u n c i l  and  t h e  D e p a r t m e n t  o f  A g r i c u l t u r e  
f o r  S c o t l a n d  f o r  a  G r a n t  f o r  p a r t  o f  t h e  t i m e  when 
t h i s  w o rk  was  i n  p r o g r e s s ,  and  a l s o  D r .  A.M. S m i t h  
a n d  D r .  I .M .  R o b e r t s o n  o f  The E d i n b u r g h  and  E a s t  o f  
S c o t l a n d  C o l l e g e  o f  A g r i c u l t u r e  f o r  t h e i r  i n t e r e s t  
and  a s s i s t a n c e  t h r o u g h o u t  t h e  c o u r s e  o f  t h e  
i n v e s t i g a t i o n ;  D r .  G. C o ck e rh am  o f  t h e  S c o t t i s h  
S o c i e t y  f o r  R e s e a r c h  i n  P l a n t  B r e e d i n g  who g a v e  
i n v a l u a b l e  h e l p  o n  t h e  v i r u s  a s p e c t  o f  t h e  w o rk ;
Mr. S c o t t  o f  t h e  S e e d  T e s t i n g  S t a t i o n  o f  t h e  D e p a r t m e n t  
o f  A g r i c u l t u r e  f o r  S c o t l a n d  f o r  s u p p l i e s  o f  s p e c i a l  
m a t e r i a l ,  and  t h e  v a r i o u s  m e r c h a n t s  who v e r y  k i n d l y  
s u p p l i e d  t u b e r s  c a r r y i n g  S t o c k  S e e d  c e r t i f i c a t e s .
99
BIBLIOGRAPHY.
Ahmad 1 9 3 5 .  E s t i m a t i o n  o f  A s c o r b i c  A c i d  b y  T i t r a t i o n .  
N a t u r e  1 3 6 ,  7 9 7 .
A r t s c h w a g e r  1 9 2 4 .  S t u d i e s  o n  t h e  P o t a t o  T u b e r .
J .  A g r i .  R e s .  2 7 ,  8 0 9 .
B a r t o n - W r i g h t  & M cBain  1 9 3 3 .  S t u d i e s  i n  t h e
P h y s i o l o g i e s  o f  t h e  V i r u s  D i s e a s e s  o f  t h e  
P o t a t o  T u b e r .
Ann.  App.. B i o l .  20, ( 4 ) ,  1 2 9 .
B e s s e y  1 9 3 8 .  M o d i f i e d  C o l o r i m e t r i c  M ethod  f o r  t h e  
D e t e r m i n a t i o n  o f  A s c o r b i c  A c i d .
J .  B i o l .  Chem. 1 2 6 , 7 7 1 .
B e z s s o n o f f  1 9 3 4 .  La t e c h n i q u e  d u  d o s a g e  d e  l a
v i t a m i n e  C p a r  l e  p r o c é d é  B e z s s o n o f f .
Z .  V i t a m i n f o r s c h u n g  5, 1 9 3 .
B i r c h ,  H a r r i s  and  Ray 1 9 3 3 .  V i t a m i n  G C o n t e n t  o f  
F o o d s t u f f s .
B i o ehem. J .  2 7 ,  5 9 0 .
B l a c k m a n  1 9 2 8 .  A n a l y t i c  S t u d i e s  i n  P l a n t  R e s p i r a t i o n .  
P r o c .  R o y .  S o c .  B. 1 0 5 , 4 9 1 .
Böhm 1 8 8 7 .  U e b e r  d i e  R e s p i r a t i o n  d e r  K a r t o f f e l .
B o t .  Z.  4 5 ,  6 7 1 - 5 ,  6 8 1 - 9 2 .
Borner & M a t t i s  1 9 2 4 .  D e r  S o l a n i n g e h a l t e  d e r  K a r t o f f e l n .  
Z .  U n t e r s .  N a h r .  Genussm .  4 7 ,  9 7 .
B o n s o o k ,  D a v e n p o r t ,  J e f f r e y s  & W a r n e r  1 9 3 7 .  The 
O x i d a t i o n  P r o d u c t s  o f  A s c o r b i c  A c i d .
J .  B i o l .  Chem. 1 1 7 ,  2 3 7 .
C h e f t e l  & P i g e a u d  1 9 3 6 .  E s t i m a t i o n  o f  V i t a m i n  C by  
T i t r a t i o n .
N a t u r e  1 3 8 ,  7 9 9 .
C o c k e r h a m  1 9 3 9 .  The D i s t r i b u t i o n  and  S i g n i f i c a n c e  o f  
C e r t a i n  P o t a t o  V i r u s e s  i n  S c o t l a n d .
S c o t .  J .  A g r i .  2 2 ,  1 .
Coudon & B o u s s a r d  1 8 9 7 .  R e c h e r c h e s  s u r  l a  Pomme d e  
T e r r e  A l i m e n t a i r e .
Ann.  S e i .  A r g o n .  S e r i e  2 .  3 ,  2 5 0 .
D i x  1 9 2 3 .  F o r d e r u n g  d e s  K a r t o f f e l b a u e s .
Z .  d .  L a n w i r t s c h a f t s k r a m e r  S c h l e s i e n .
4 3 ,  1 1 5 2 .
E h r k e  1 9 3 5 .  I n v e s t i g a t i o n  o f  t h e  " I r o n - S t a i n ” o f  t h e  
P o t a t o .
B io c h e m .  Z. 2 7 8 , 1 9 5 .
1 0 0 .
E id m an n  1 9 4 0 .  T e s t i n g  P o t a t o e s  f o r  V i r u s  I n f e c t i o n .
Amer .  Chem. S o c .  A b s .  3 4 ,  £ 5 2 8 .
B n m e r i e  & v a n  E e k e l e n  1 9 3 4 .  The C h e m i c a l
D e t e r m i n a t i o n  o f  V i t a m i n  C w i t h  t h e  
R em o v a l  o f  C o l o u r e d  S u b s t a n c e s  w h ic h  
I n t e r f e r e .
B io c h e m .  J .  2 8 ,  1 1 5 3 .
S m m er ie  & v a n  E e k e l e n  1 9 3 6 .  Some C r i t i c a l  R em arks
o n  t h e  D e t e r m i n a t i o n  o f  A s c o r b i c  A c i d .  
B io c h e m .  J .  3 0 ,  2 5 .
E v e l y n ,  M a l l o y  & R o s e n  1 9 3 8 .  C o l o r i m e t r i c
D e t e r m i n a t i o n  o f  A s c o r b i c  A c i d .
J .  B i o l .  Chem. 1 2 6 ,  6 4 5 .
Fox  & L e v y  1 9 3 6 .  The A n t i s c o r b u t i c  A c t i v i t y  o f
D e h y d r o a s c o r b i c  A c id  and  a  S t u d y  o f  
i t s  S t o r a g e .
B io c h e m .  J .  3 0 ,  2 1 1 .
G i r o u d  1 9 3 8 .  p r o t o p l a s m a  M o n o g r a p h i e n  1 6 .
G i r o u d ,  R a t s i m a m a n g a  & L e b l o n d  1 9 3 4 .  P a r a l l é l i s m e
e n t r e  l a  V i t a m i n e  C e t  l a  C h l o r o p h y l l e .  
C. R. S o c .  B i o l .  1 1 7 ,  6 1 2 .
n 1 9 5 5 . 2 .  R e l a t i o n  e n t r e  l ’ a c i d e
a s c o r b i q u e  e t  l a  c h l o r o p h y l l e .
B u l l .  S o c .  c h im .  B i o l .  1 7 ,  2 3 2 .
G i r o u d ,  R a t s i m a m a n g a  & L e b l o n d  1 9 3 5 .  F i x a t i o n  an d  
E l i m i n a t i o n  o f  A s c o r b i c  A c i d .
Compt .  r e n d .  S o c .  B i o l .  1 2 6 ,  1 1 8 ,
3 2 1 ,  1 3 1 1 .  ------
G ly n n e  & J a c k s o n  1 9 2 0 .  The D i s t r i b u t i o n  o f  N i t r o g e n  
and  D r y  M a t t e r  i n  t h e  P o t a t o  T u b e r .
J .  A g r i .  S c i .  9 ,  2 3 7 .
Guha & Ghosh 1 9 3 5 .  La  f o r m a t i o n  b i o l o g i q u e  d e  
l ’ a c i d e  a s c o r b i q u e .
N a t u r e  1 3 5 ,  234  & 8 7 1 .
G u th e  & N y g a a r d  1 9 3 8 .  P h o t o e l e c t r i c  D e t e r m i n a t i o n  o f  
A s c o r b i c  A c i d .
Chem. a n d  I n d .  57_, 5 2 .
H a a s  & H i l l  1 9 2 8 .  The C h e m i s t r y  o f  P l a n t  P r o d u c t s .  
L o n d o n .  V o l .  1 .
H a n e s  & B a r k e r  1 9 3 1 .  The P e t t e n k o f f e r  A p p a r a t u s .
P r o c .  R oy .  S o c .  1 0 8 , 9 5 .
H a u s e n  1 9 5 5 .  E f f e c t  o f  V i t a m i n  C on  t h e  G row th  o f  
P l a n t s .
N a t u r e  1 3 6 ,  5 1 6 .
1 0 1 .
H a r r i s  Sc Ray  1 9 3 3 .  N o t e s  on. a  M ethod  f o r
D e t e r m i n i n g  A n t i s c o r b u t i c  A c t i v i t y  by  
C h e m i c a l  M ea n s .
B io c h e m .  J .  2 7 ,  3 0 3 .
H e y  1 9 3 2 .  Z u r  B i o l o g i e  d e r  K a r t o f f e l .
A r b .  B i o l .  R e i c h .  2 0 ,  7 9 1 .
H i r s t  e t  a l l i a  1 9 3 3 .  S t r u c t u r e  o f  A s c o r b i c  A c i d .
J .  Chem. S o c .  1 2 7 0 .
H i r s t  & Z i l v a  1 9 3 3 .  A s c o r b i c  A c id  a s  t h e  
A n t i s c o r b u t i c  F a c t o r .
B io c h e m .  J .  2 7 ,  1 2 7 1 .
I j d o  1 9 3 6 .  The I n f l u e n c e  o f  F e r t i l i s e r s  o n  t h e
V i t a m i n  C C o n t e n t  o f  P l a n t s .
B io c h e m .  J .  3 0 ,  2 3 0 7 .
I z u m r u d o v a  1 9 3 5 .  V o p r o s u i  P i t a n .  4 ,  129 Sc A. 1 9 3 6 .
J e n s e n  1 9 2 3 .  S t u d i e n  ü b e r  d e n  g e n e t i s c h e n
Zusammenhang z w i s c h e n  d e r  n o r m a l e n  un d  
i n t r a m o l e k u l a r e n  Atmung d e r  P f l a n z e n .  
K g l .  D a n s k e  V i d e n s k a b e r n e s  S e l s k a b .
B i o l .  Med. i v , l , 3 4 .
J o h n s o n  Sc B o y l e  1 9 1 8 .  The I n d u s t r i a l  and N u t r i t i v e  
V a l u e  o f  t h e  P o t a t o  i n  I r e l a n d .
J .  D e p t .  A g r i .  T e c h .  I n s t r u c t .
I r e l a n d .  1 8 ,  3 .  & 1 9 ,  2 .
J o s z t  & S t a r e z e w s k i  1 9 2 2 .  D i a s t a t i c  P o w er  o f  t h e  
J u i c e  o f  D i f f e r e n t  V a r i e t i e s  o f  
P o t a t o e s .
R o zp r aw .  b j o l o g .  z .  z a k r e s u .  r o l n i e t i v a ,  
h o d o w l i  i  med. w e t  Chem. Z e n t r .
1 9 2 4  1 ,  2 7 8 4 .
Ken Sc W a ts o n  1 9 3 6 .  The E f f e c t  o n  t h e  V i t a m i n  C i n  
M i l k .
B io c h em .  J .  3 0 ,  2 2 7 3 .
L a u d e r  Sc R o b e r t s o n  1 9 3 1 .  I d e n t i f i c a t i o n  o f  P o t a t o  
V a r i e t i e s  by  C h e m i c a l  T e s t s .
S c o t .  J .  A g r i .  1 4 ,  4 7 .
L e a c h  1 9 3 0 .  N o t e  o n  a  s i m p l e  Gas C i r c u l a t i n g  Pump.
New P h y t . 2 9 ,  2 8 5 .
L e v y  1 9 3 6 .  The S t a t e  o f  A s c o r b i c  A c i d  i n  p l a n t
T i s s u e s .
N a t u r e  1 3 8 ,  9 3 3 .
L o j k i n  1 9 3 6 .  I n a c t i v a t i o n  o f  T o b a c co  M o s a i c  V i r u s  
by  A s c o r b i c  A c i d .
R e v .  App.  M y c o l .  1 6 ,  2 8 2 .
L o r e n z  & A r n o l d  1 9 3 8 .  S t a n d a r d i s a t i o n  o f
D i c h l o r o p h e n o l i n d o p h e n o l  w i t h  F e r r o u s  
Compounds.
I n d .  E n g .  Chem. ( A n a l . )  I Q ,  6 8 7 .
McHenry  & G raham 1 9 3 5 .  O b s e r v a t i o n s  o n  t h e
E s t i m a t i o n  o f  A s c o r b i c  A c id  by  
T i t r a t i o n .
B io c h e m .  J .  2 9 ,  2 0 1 3 .
M edes  1 9 3 5 .  D e t e r m i n a t i o n  o f  A s c o r b i c  A c i d  w i t h  
P h o s p h o - 1 8 - T u n g s t i c  A c i d .
B io c h e m .  J .  2 9 ,  2 2 5 1 .
M edes  1 9 3 6 .  The P h o s p h o t u n g s t i c  A c i d  M e th o d  and
Low A s c o r b i c  A c i d  C o n t e n t .
B io c h e m .  J .  3 0 ,  1 7 5 3 .
M e n a k e r  & G u e r r a n t  1 9 3 8 .  S t a n d a r d i s a t i o n  o f  
D i c h l o r o p h e n o l i n d o p h e n o l .
I n d .  E n g .  Chem. ( A n a l . ) 1 0 ,  2 5 .
M i l l i k a n  1 9 3 5 .  The I d e n t i t y  o f  A s c o r b i c  A c i d  and
t h e  R e d u c i n g  A g e n t  o f  R a t * s  G u t .  
B io c h e m .  J .  2 9 ,  2 8 1 9 .
M i l l s  1 9 3 2 .  The V i t a m i n  C C o n t e n t  o f  S h e e p * s  L i v e r
w i t h  O b s e r v a t i o n s  on  t h e  E f f e c t  o f  
F r e e z i n g  an d  S t o r a g e .
B io c h em .  J .  2 6 ,  7 0 4 .
M u s u l i n  &. K i n g  1 9 3 6 .  A s c o r b i c  A c i d  O x i d a s e  A c t i v i t y
i n  R e l a t i o n  t o  t h e  D e t e r m i n a t i o n  o f  
V i t a m i n  C by T i t r a t i o n .
J .  B i o l .  Chem. 1 1 6 ,  4 0 9 .
• •
N e u w e i l e r  1 9 3 6 .  U b e r  d i e  F e r m e n t m e t h o d e  z u r
V i t a m i n - C -B es t im m u n g  u n d  d a s  Vorkommen 
v o n  A s c o r b i n s a l l r e  i n  p f l a n z l i c h e n  
P r o d u k t e n ,
K l i n .  I s c h r .  1 5 ,  8 5 6 .
O l l i v e r  1 9 3 8 .  The A s c o r b i c  A c i d  C o n t e n t  o f  F r u i t s  
and  V e g e t a b l e s .
A n a l y s t  6 3 ,  ( 7 4 2 ) ,  2 .
P e t t  1 9 3 6 .  C h a n g e s  i n  t h e  A s c o r b i c  A c id  an d
G l u t a t h i o n e  C o n t e n t s  o f  S t o r e d  and  
S p r o u t i n g  p o t a t o e s .
B i o c h e m .  J .  3 0 ,  1 2 2 8 .
P f a n k u c h  1 9 3 5 .  D e c o m p o s i t i o n  i n  p o t a t o e s ;  A s c o r b i c  
A c i d ,  G l u t a t h i o n e  and  S u g a r .
B io c h e m .  Z .  2 7 9 ,  1 1 5 .
1 0 2 .
P f a n k u c h  & L i n d a u  1 9 3 5 .  B io c h em .  Z .  2 7 7 ,  1 2 9 .
1 0 3 .
P f e f f e r  1 8 7 8 .  Das  Wesen u n d  d i e  B e d e u t u n g  d e r  
A thmung i n  d e r  P f l a n z e .
Landw. J a h r b .  7 ,  8 0 5 .
R a p e r  1 9 2 8 .  The A e r o b i c  O x i d a s e s .
P h y s i o l .  R e v .  8 , 2 4 5 .
R e i c h s t e i n  & G r ü s s n e r  1 9 3 4 .  S y n t h e s i s  o f  1 - a s c o r b i c  
a c i d .
H e l v .  Chim. A c t a .  1 7 ,  3 1 1 .
R i c h a r d s  1 8 9 6 .  The R e s p i r a t i o n  o f  Yfounded P l a n t s .
Ann .  B o t .  1 0 ,  5 3 1 - 8 2 .
Roe 1 9 3 6 .  The D e t e r m i n a t i o n  o f  A s c o r b i c  A c id  a s
F u r f u r a l d e h y d e .
J .  B i o l .  Chem. 1 1 6 , 6 0 9 .
R o y a l  S o c i e t y  (W ar)  C o m m i t t e e  1 9 1 9 .  R e p o r t  o n  t h e  
C o m p o s i t i o n  o f  p o t a t o e s  Grown i n  t h e  
U n i t e d  K ingdom .
S a u s s u r e  1 7 9 7 .  La  F o r m a t i o n  d e  1 ‘ a c i d e  c a r b o n i q u e  
e s t - e l l e  e s s e n t i e l l e  a  l a  v e g e t a b l e ?  
A nn .  Chim. 2 4 ,  1 3 5 .
S c h e u n e r t  1 9 3 7 .  V i t a m i n  C C o n t e n t  o f  P o t a t o e s .
B io c h e m .  Z. 2 9 0 , 3 1 3 .
S c o t t  1 9 3 8 .  M o s a i c  D i s e a s e  o f  t h e  P o t a t o .
S c o t .  J .  A g r i .  2 1 ,  1 2 1 .
S c u d i  & R a t i s h  1 9 3 8 .  The D e t e r m i n a t i o n  of Ascorbic 
A c i d  b y  i t s  r e d u c i n g  a c t i o n  o n  a n  
a z o  d y e .
I n d .  E n g .  Chem. ( A n a l .  ) 10_, 4 2 0 .
S m i t h  & P a t e r s o n  1 9 3 7 .  The S t u d y  o f  V a r i e t y  and  
V i r u s  D i s e a s e  I n f e c t i o n  by t h e  
A s c o r b i c  A c i d  T e s t .
B io c h e m .  J .  3 1 ,  1 9 9 2 .
Snow & Z i l v a  1 9 3 8 .  The N o n - s p e c i f i c i t y  o f  t h e  
A s c o r b i c  A c id  O x i d a s e .
B io c h e m .  J .  32_, 1 9 2 6 .
S p e r l i n g  1 9 2 6 .  D i e  G r e n z e n  d e r  V a r i a t i o n  u n t e r  d e n  
Nachkommen e i n z e l n e r  P f l a n z e n .
From S a l a m a n ’ s  " P o t a t o  V a r i e t i e s " .  
C a m b r id g e  1 9 2 6 .
S r i n i v a s a n  1 9 3 6 .  A s c o r b i c  A c i d  O x i d a s e  f r o m  D r u m s t i c k .  
B io c h e m .  J .  30_, 2 0 7 7 .
S r i n i v a s a n  1 9 3 7 .  The Enzym ic  D e t e r m i n a t i o n  o f  
V i t a m i n  C.
B io c h e m .  J .  31_, 1 5 2 4 .
104
S t i c h  1 8 9 1 .  D i e  A thmung d e r  P f l a n z e n  h e i
v e r m i n d e r t e r  S a u e r s t o f f S p a n n u n g  und 
h e i  V e r l e t z u n g e n .
F l o r a  7 4 ,  1 - 5 7 .
S t o k l a s a  & C z e r n y  1 9 0 3 .  I s o l i e r u n g  d e s  d i e
a n a e r o h e  Atmung d e r  Z e l l e d e r  h o h e r  
o r g a n i s i e r t e n  P f l a n z e n  und  T h i e r e  
b e w i r k e n d e n  Enzyms.
B e r .  3 6 ,  6 2 2 .
S t o n e  1 9 3 7 .  A s c o r b i c  A c i d  O x i d a s e  and t h e  S t a t e
o f  A s c o r b i c  A c i d  i n  V e g e t a b l e  T i s s u e s .  
B i o c h e m .  J .  3 1 ,  5 0 8 .
S z e n t - G y ö r g y i  1 9 2 8 .  O b s e r v a t i o n s  o n  t h e  f u n c t i o n  o f  
P e r o x i d a s e  S y s t e m s  and t h e  C h e m i s t r y  
o f  t h e  A d r e n a l  C o r t e x .
B io c h e m .  J .  2 2 ,  1 3 8 7 .
S z e n t - G y o r g y i  1 9 3 0 .  S c i e n c e  6 2 ,  1 2 5 .
S z e n t - G y o r g y i  1 9 3 1 .  J .  B i o l .  Chem. 9 0 ,  3 8 5 .
T a u b e r  & K l e i n e r  1 9 3 5 .  The Enzym ic  D e t e r m i n a t i o n  o f  
V i t a m i n  C.
J .  B i o l .  Chem. 1 1 0 ,  5 5 9 .
T a u b e r ,  K l e i n e r  & M i s h k i n d  1 9 3 5 .  A s c o r b i c  A c i d  
O x i d a s e .
J .  B i o l .  Chem. 1 1 0 ,  2 1 1 .
T h o r p e  1 9 2 7 .  A D i c t i o n a r y  o f  A p p l i e d  C h e m i s t r y .  
Lo n d o n .
T i l l m a n s ,  H i r s c h  & c o - w o r k e r s  1 9 3 2 .  D e t e r m i n a t i o n  
o f  A s c o r b i c  A c i d .
Z. U n t e r s .  L eb en sm .  6 3 .
V i r t a n e n  1 9 3 6 .  V i t a m i n s  and  P l a n t s .
N a t u r e  1 3 7 ,  7 7 9 .
Von M ohl  1 8 5 1 .  G r u n d s u g e  d e r  A n a t o m i e  und
P h y s i o l o g i e  d e r  V e g e t a b i l i s c h e n  Z e l l e .  
B r a u n s w e i g  1 8 5 1 .
Y /a c h h o ld e r  & N e h r i n g  1 9 3 8 .  The V i t a m i n  C C o n t e n t  o f  
P o t a t o e s  w i t h  R e l a t i o n  t o  M a n u r i n g .  
B od .  und  P f l a n z .  7 0 8 .
Waksman & D a v i s o n  1 9 2 6 .  "E n z y m e s11 L o n d o n .
W h i t e h e a d  1 9 3 4 .  The R e s p i r a t i o n  o f  H e a l t h y  and  L e a f -  
R o l l  P o t a t o e s .
A nn .  A pp .  B i o l .  2 1 ,  1 ,  4 8 .
1 0 5 .
W i l l a m a n  & West 1 9 2 5 .  A S t a t i s t i c a l  S t u d y  o f  t h e  
C o m p o s i t i o n  o f  P o t a t o  T u b e r s .  
M i n n e s o t a  S t u d i e s  i n  P l a n t  S c i e n c e  
5 ,  2 1 1 .
Z i l v a  1 9 2 7 .
Z i l v a  1 9 3 4 .
T he  A n t i s c o r b u t i c  F r a c t i o n  o f  Lemon 
J u i c e .
B i o c h e m .  J .  2 1 ,  6 8 9 .
The R e v e r s i b l e  Enzym ic  O x i d a t i o n  o f  
V i t a m i n  C.
B io c h e m .  J .  2 8 ,  6 6 3 .
Z i l v a  & B a r k e r  1 9 4 0 .  The A s c o r b i c  A c i d  C o n t e n t  o f  
P o t a t o e s .
R ep .  o f  t h e  Food I n v e s t .  B o a r d .
1 9 3 8 ,  2 0 1 .
